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1. INTRODUCTION

In 1977, Dr. Henning E.G. von Gierke, the present chairman of the International Organization for Standardization
ISO/TC 43/SC1 "Noise" Working Group on Revision of ISO 1999 "Acoustics-Assessment of Occupational Noise
Exposure for Hearing Conservation Purposes," asked the author to prepare a set of tables that best summarize the
existing knowledge of the effects of noise exposure on the hearing threshold levels of a population. Subsequently, Dr.
Tonndorf, as chairman of ANSI Working Group S3-58, requested similar information. In response to these requests,
tables were prepared by the author for consideration by the working groups. The working groups can thus select the
tables, if any, that are considered most appropriate to a standard. This if forual report to the working groups.

In keeping with the above intent, three observations about this report are pertinent. First, the report is not a complete
treatise on the effects of noise on hearing. Only those technical areas that were believed to be of interest to the working
groups and were in the area of the author's expertise are covered. Second, the report usually provides several
approaches without explicitly selecting a preferred approach. It is, of course, up to the working groups to select the
approach which is the most appropriate. Thus an ISO or ANSI stand~rd, when agreed upon, will resolve this problem.
Finally, the report may not be entirely complete and may require an addendum. For instance, each frequency is not
analyzed in the detail that the average of 500, 1000, 2000, and 3000 Hz is analyzed. However, it is unreasonable to
analyze each of the 63 possible combinations of the 6 frequencies from 509) to 6000 Hz. On the other hand, the basic
procedure for analyzing the average of 0.5, 1, 2, and 3 kHz should apply to the averaging of any other combination of

audiometric frequencies.

The organization of this report consists of 17 key decisions. Each key decision is discussed in detail by providing:
Approach, Sample Calculation, and Discussion. The approach includes a description of the procedure used and any
necessary assumptions required. The sample calculations, if appropriate, are provided to illustrate unequivocally the
procedure used. The discussion addresses the reasonableness of both dte procedure and any assumptiouns used.

2. DATA FOR DEPICTING HEARING CHANGES CAUSED BY NOISE

i. ~APPRIOACHI

Two basie data bawes were selected. One data base is the National Physical Laboratory Report Ac 61 Isecond edltion I,.
June 1977, by D. W. Robinsin and M. S. Shipton.1 This report provides the ntame data that previously have been
provided in earlier reports by Robinson, 2 The other data base is a 1977 relwrt by Passchlor-Verner.,3 Tihe data
p!resented in this report are similar to her earlier reports.4 The study by lBaughu was not directly ulted, but soile of the
trends in Haunghu's data were considered when the rationale for certain assumnptions were evaluated. The Inter.
Industry StudO 5 was also used to asucrtain certain correton factors appropriate in the statiial troatment of the data.

SAMPIE CALCULATION
Not apr)ririate.

DISCUS8ION
UPie studki4 of Pa.whier-Vernieer and Robinmit were cho.en mahnly because of their olupletenem In depicting the
cAfects of vicM, for varioas expoture t0114s, levels, frequencies, and population percentiles. While they are not without
isone techuiti'l critictis., they are oil the whole rea•uoable ateamqts to dwr& t1w all" ctof noe . Other data base.
ihieluding Bauglu, are Wut that OmlAete.

3. SELECTION AS THE BASIC MEASURE OF THE EFFECTS OF NOISE ON THE
NOISE INDUCED PERMANENT THRESHOLD SHIFT (NIPTS)

FOR VARIOUS POPULATION PERCENTILES

The basic iraiuucter sekcted for decribing th eoffwgix of n.iwe on hearing is the difctitawe b•twvee the suatistica'

(.I



measures of non-noise-exposedk population and a noise-exposed population. The statistical measures used were the 10th
percentile (A1), the 50th percentile or median (.5) and the 90th preentile 0.). The 10th percentile is defined as the
hearing threshold level (HTL) at which only 10 percent of the population will have higher HTLs (worse hearing).
Likewise, 90th percentile is defined as the HTL at which 90 percent of the population have higher HTLs and the
median is defined as the HTL at which 50 percent of the population has higher HTLs. The difference in these measures
between similar non-noise- and noiseexposed population will be called Noise Induced Permanent Threshold Shift or
NIPTS.

SAMPLE CALCULATIONS
Consider the following two groups of people: Group A is a 30 year old group that have not been exposed to
occupational noise or military training. At 6000 Hz, 10 percent of group A hear better than 7 dB, 50 percent hear
better than 18 dB, and 90 percent hear better than 29 dB, all referenced to the 1964 ISO standard. Group B is also a 30
year old group that have not been exposed to military training, but have been working in an industrial plant for the last
10 years in which the average sound level was approximately 88 dB during the normal 8-hour workshift. At 6000 Hz, 10
percent of grottp B hear better than 9 dB, 50 percent hear better thtan 24 dB. and 90 percent hear better than 42 dB, all
reference 1964 ISO. Since these two groups are similar except for the occupational noise exposure, NIPTS can be
calculated for anl exposure to an Average Sound Level of 88 dB for 10 years starting at age 20) years.

The N IPTS is calculated as follows:
90th percentile: 9 dB - 7dB =-2 dBi

median: 24 dB - 18 dB = 6 dB
10th percentile; 42 dB - 29 dB = 13 dB

DISCUSSION
Front tile above calculations, it call be ween that NIPTS, as defined here, is a measure of the changes in thle statistical
distribution of hearing levels. As suit, individual changes are not known. This point needs to be mentioned whenever
such data are used.

While ill thle above example thle two groups were stated to hesmlri l set xetfrios exposre. in the
practival world th6is s never comptlletely true. The two groups miight live ill different areat; ntf tho country, might have
different inale-feanalp ratios, different soioec lonomic backgrounds. different nontcvuptitional activities. etc. While a
perfolt match is proaibly iulmposbe. dhe bettor the two groups ame watceda. dhe bettr the NIPTS data.

4. USE OF DATA FROM PASSCHIER-VEMEEAR

APPRIOACH
Vie data umxd lin this report cattle fromt a 1977 irepiort of 11a-Aier'Vornaer 1we rdf3). 1The NIPTS for the meiaoln Oro
foind lit Table Al 14page 121 oflher rporto. Tho data are al6o provIded 'it table, 10 ofl tis meport Thie NIPTS valtes for
thte 10th alti 90th liercentld are not diretly reolkrted lit hor waller oince ~hasIi avoragot these value over 4i1. lIn

ordr t avid hil avragng seethe reammon for doitig this! ill the followuiin dls-um4. ldon s value* of sableLl f e
reoltrt Ill. 21 ) are used to moidify sdeMda Whvausgvnittblt pcfcly

'131SU NUITS1,13 +A10%
sver N t~.l i te IPS fsh 1th~iretueNWS4~)i te W~ o te edan ad10% isa

value given by Table 11-5 inl rof 3
stnll NIPTS(.91 NtlI TS1.51 -A 90%
whereln S NI .) isttNIIo te9h
is a value given ill table 11.3 of ref 3.

Teeviiluesu f NIPIt SI.1)aatd NIPTS1.91 aftwwauaaascd ha tabio 1 (li rep It for variu froquiec and avoeng
SAould levels.

*A11 figure an* tables aplicor at the eud of the maill text.



SAMPLE CALCULATIONS
f 1) Consider the NIPTS for 20 years of exposure to 95 dB at 2000 Hz. Table Al of ref 3 gives NIPTS(.5) as 9.0 dB.
Table B5 givesA0% as 8dB and A90% as 5dB.

Then NIPTS1.9) = 9 - 5 = 4dB
NIPTS(.5) = 9 db
NIPTS(.1)= 9+8= 17dB

Note these values are given in table I for a 20-year exposure to an average sound level of 95 dB.

12) To provide some insight how a.10% and 490% were derived, data from the example in section 3 of this report were
used to derive a10% +A90% per Passchier-Vermeer.

AlO% = 142 - 29)-- (24-- 18) = 13-- 6 = 7
A90% = Q24- 9) - (18-- 7) = 15-- 11 = 4
Then NIIPTS(.9) = NIPTS1.5) -A90% = 6 - 4 - 2
and NIPTS(.Ii = NIPTSi.5) +.410% = 6 + 7 = 13

Thmse of course, are the values of NIPTS calculated in the example of section 3. The reader should read
Passohier-Vermeer's report further if more detail is desired.

43) Sample of averaging A10% and n90% over time by Passchier-Vermeer instead of not averaging over time. The
jumain deviation in this report from Passchier-Vermeer's report is that her corrections &10% andA90% are not averaged
over time. These examples should illustrate the effect of such averaging.

Consider the effect on 2000 Hz of an exposure of 95 dD for 10, 20, 30. and 40 years. The median NIPIS from Table AI
is 4.8. 9.0, 13.5. and 18.0 for 1). 20. 30. and 40 years respectively. Similarly, -10% is 9.8. 8.0, 6.0, and 3.6. Using the

* method propmsed in thiLs document. NIPTS'1.I I would be 14.6(4.8 + 9.8), 17, 19.5 and 21.6 for the various exposure
durations. These values are shown in table 1. Pass"hior-Vernteer proposes first averaging 010%. Such an average
would be 19.8 + 8 + 6 +3.61/4 = 6.8. These averages values are given in table 16 of Pas.whler-Bemeer's
roport. Tbs average value is then added to the median N !PTS to calculate N1iPTS for the 90th iercentile, Specifically.
NliTS1.91 for 10,20, 30. and 40 yours of exploawe would be 11.6 (4.8 + 6.8), 15.819.,0 + 6.81, 20.3, and 24,8

eie basic data uoed by Pawchi-Ver eer are a compilation front manty studis -ee ref 41 and a* pitch provide one
reamlnable data bawl. The one deviation front her 1477 proposale is with respe-t to averaing over tintle tite differ enes
" " betwee, the utedian usld tie other Iercelt~lies Sin he�S e l 4 nt theorottcal or practical reawn to exp:et sulh differences

for any fr•qilumey to remanin c•ntant, this averaging was elihtsiated in this report. Elnhinatimr of mtch averaging i6
elielved to provide a itore realitic pictuni of what actually occurs wheit a pjopulttion 6 eoxjx*M to neir,, For Itntlaite

.. the, valuesof N Ii"Sl,1I for th. fre..ten.ies 200M Ii• and abov -increause mnuch more rapidly thon NIlTSi.51 for 10 aod
* 240 year e-xposure. Oil the otthr hal'd, for 30-year and 40.year exposure there may 1w little differvnce betweet•.Nll'T(.I) and NiIPi.W l'bb is , h1.e5t.nh is also witn hi Hluaghn's datla aid to ome extelt ill lst- NIO)SI

""-ly.P. Averags.ig th. differncnes betwee NI11`8.Ig aInd N11YSIA.5) elinliateha is phlenometi noitt Si•nthele is no
raO. t% to believe that 114 shis honettoin is not true, this averaghig was rejeeted. Note• if It i* alstuled dial "61iWe
exjpiaiie mun eause ony Wfso a hm ric k4IMU g l for Instance 0 doi, tis iiW0WfA~two woulda La rwu

6. USE OF DATA FROM ROBINSON
ii AI'I'IUIPA;II

"Il rtference 1. tables are provided that Icl e usl to obtain thlt varioou valhes of ii' directly in tems of nim e(iA l-iy
leod. Noise enmniisotio level lEAI it defined as the 8-hour saverage *alud leivel [Aux ten lin1 the log)Q of T. where T is
ut yearo. NlYS Is baoed otu the difference of I1' U4 iSINd on a valculatiag II' for an 8hour a'Verge m 1oud level above

5 d&eiib4 and for m 11i' " oa an average wudlo-et of 5 do.

NIPTSI.51 is obtained dimetly, frin table 6 of ref I by uting the 5•4 p•erenit vionun. Nll1'$4.l) is-obltaied by
.smadtratig7.7l tfduu thie vahw givre in the 10 lieftntwtiAa aud NIVIS1.9lis " ined by a&dti 7.4d fdotomte

:"8
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values given in the 90 percent columns. A listing of the NIPTS for various frequency and average sound levels is given
in table 2.

SAMPLE CALCULATIONS
Consider the effect of 2000 Hz for a 20-year exposure to an occupational 8-hour daily average sound level of 95 decibels.
The emmission level, EA is 95 + 10 log 20 = 95 + 13 = 108. For an emission level of 108, table 6c of reference 1 gives
a HTL of -4.0 decibels for the 90% column, 9.2 decibels for the 50% column, and 27.5 for the 10% column.

Likewise, the emission for the 75 dB level *s 75 dB + 13 dB = 88 dB. Using the same table 6c of ref 1, an HTL of -7.4
dB for the 90% column, 0.8 dB for the 50% column and 9.8 dB for the 10% column, NIPTS can then be calculated as

NIPTS(.9 = -4.0 - (-7.4) = 3.4 dB
NIPTS(.5) = 9.2 - 0.8 = 8.4 dB
NIPTS(.1) - 27.5- 9.8 = 17.7 dB
These values are those shown in table 2.

DISCUSSION
The treatment of Robinson's data is rather straightforwrard. One possible assumption would be in considering that the
distribution of the non-noise population remains completely Gaussian with a constant standard deviation of 6 dB even

*, as the median hearing level increases with age. This assumption produces a finite, albeit small amount of NIPTS at an
average exposure of 75 dB. If, on the other hand, the non-noise exposure was considered as 75 dB, which is not an
unreasonable level in view of some recent dosimeter studies,7 the NIPTS at 75 decibels would disappear. There is also

t* a valid question as to the accuracy of Robinson's ta1 les for these average sound levels below 80 decibels. Robinson's
data base did not include data for these low exposure levels, so the NIPTS predicted is from higher exposure levels.
Therefore, 75 dB is selected as the threshold of NIPTS for the Robinson Model and this threshold is used in this report.
The decision to consider as negligible the effects of an 8-hour daily exposure to 75 dB has been supported by three
recent studies. Melnick; 8 Stephenson, Nixon and Johnson; 9 and Mills, Gilbert, and Adkins10 have all shown that
24-hour exposures to broad band noise with equal sound pressure level per octave band (pink noise) does not result in a

"* I statistically signilicant Temporary Threshold Shift at any audiometric frequency measured 2 minutes after 24 hours of
exposure. If no temporary changes in auditory acuity occur, it is only reasonable to believe that no permanent changes
will occur. Narrow bands of noise or pure tones of 75 dB can cause Temporary Threshold Shifts and some audiometric
frequencies, thus 75 dB may not be the "no effect level" for all types of noise exposure. A caveat expressing such a
concern is appropriate. A sample caveat is provided for table 3. NevertheLe6a since most environmental noise and
industrial noise tends to be rather broad band, the 75 dB level is a reasonable and practical threshold below which noise
is not expected to be damaging to hearing.

Note that Passchier-Vermeer has also defined all NIPTS at 75 dB to be zero.

6. COMBINING ROBINSON'S AND PASSCHIER-VERMEER'S DATA FOR NIPTS

APPROACH
A simple arithmetic average of die NIPTS values of Passehier-Verineer (table 1) and of Rokihuon (table 2) is usel to
produce table 3. All values are rounded upward to the nearest tenth of I dB.

' ... SAMPLE CAL(,ULATIGNS
Consider NIPTS(.9) at 2000 Hz for an 8 hour average sound level of 95 dB for 20 yeam. N11•l'St,9) frmn table 10 =.17
dB. NIPTS( .9) from table 2 17.7 dB. The average NIPTS(.9) of the two data bases equals 17.4 d0 as showi Wi table
3.

IDISCUSSION
In general, tables 1 and 2 show a fair agreement between the t8yo sets of data. The biggem difference is ahe reversat of
the value of NIPTS(.l versus NIPTS(.9) in Passchler-Vernmee's data after 40 years ff exposure. Specilically,
NIPTS(.9) is greater than NIPTS(. 1), Robinson's data did not show such a roversal. As ntasntoned earlier, llaugth's
did show such a reversal. The other difference is In the levels below 80 dB. a any ease, the averagitig of the two data

9
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bases is viewed as a practical means for arriving closer to the true representation of NIPTS. 11 For exposures of 40 years
for the HTLs of the combined frequencies of .5, 1 and 2 kHz, the NIPTS data from Baughn is usually between
Passehier-Vermeer's and Robinson's values. An average of Robinson's data and Passchier-Verneer's often closely
matches Baughn's NIPTS data at NIPTS(. 1) and NIPTS(.5). For a summary of such comparisons, see table 4. While
there are several differences between Passchier-Vertneer's and Robinson's data of more than 6 decibels, the greatest

-* difference between the combined data and Baughn's is at the most 2 dB. Since Baughn's 40-year exposure data is
believed to provide a reliable measure (the absolute hearing threshold levels were high enough so masking and TTS
should not have been a problem), this provided convincing evidence that combining the data of Pasachier-Vermeer and
Robinson apparently does provide a more accurate prediction of NIPTS than using either alone.

7. COMBINING NIPTS DATA OF DIFFERENT FREQUENCIES INTO NIPTS
FOR A COMBINATION OF FREQUENCIES

APPROACH
In order to calculate NIPTS for a combination of frequencies, an anithmetic average of the NIPTS at each frequency is
used. All rounding was to the next higher tenth of 1 dB. A summary of NIPTS average over several frequencies is given
in table 5.

* In several cases the NIPTS at 40 years of exposure was one- or two-tenths of 1 dB lower than the NIPTS at 30 years.
Where this occurred, tab~le 5 was adjusted so that NI-PTS at 40 years was always equal to or greater than the NIPTS for
the shorter exposure durations.

SAMPLE CALCULATIONS
11) Find the NIPTS(. 1) for the combined frequencies of .5 kHz, 1 kllz, 2 kHz and 3 kHz for 85 dB after 20 years.
From table 3:

NIPTS1. 1) for 500 Hz = 1.2
1000 Hz-= 1.9
2000 Hz =4.8
3000 Hz 7.8

15.7
NIPTS1. 1) for.5., 12, 3 k1zis 15.7/4 3.9

121 The average NIPTS.) at .5,1 12,3 kllz for aa average sound level of 90 dB was 9.1 d~l for 30 years exposure anid
8.8 for 40 years exposure. These values were both set to 9.0 dl) in table 5.

DISIJCSSION
Averaging the NIPTS dlata of several frequencies is a necessity since data where lthe frequencies are first averaged in
hidividuals, then NIPTS calcuilated, are generally not available. A slightly different value would be expected it
individual averatging were used. However, this same problem is also apparent whe-n the effec of aging 1preabycusisl Is

conaidered. In a later section, a correction for averaging presbycusis data over several frequencies is reconmmended.
This eorreetioti factor alm) approximuately corrects foiw any error expected iu tlw NllnS data once the NIPTS data is
added to tie presbyeusis data.

Thte chaiging of all NIPTS values by 0.1 or 0.2 dl so that NUITS always grows with exposure istitwmsarl to avoid a
possible iniginterpretatiwti of the data hi weine of lthe later analysis. Providing NII'T$S data to the nearest tenth decibel
in1 no( way implies that the accuracy of lthe NIFTS data is known to such a degree. The p~urpose of tesinj; the nearest
tonth of a domibe is only to avoid waiecessay error that tuight occur hi towiding tie data too soon in the analysis.

S. DERIVING THE PRESBYCUSIS DATA FROM PASSCHIER-VERMEER

ýAI'IPPROACI
In her report ire( 3)11Pawckler-Voruaier provide tables diat allow the direct calculation of an aural pathology-free,
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non-noise-exposed population (in dB re the 1964 ISO standard). The median hearing threshold level [H1TL(.5)is given
in table I (page 3 of ref 3). The hearing threshold level exceeded by 10% of the population (IHTL(. 1]1is given by adding
the values of table 11 (ref 3) to HTL(.5). The hearing threshold level exceeded by 90% of the people is given by
subtracting the values of table III (ref 3) from HTL(.5). A summary of these values is given in table 6.

SAMPLE CALCULATIONS
Consider that the HTL at 2000 HZ of a 40 year old population is desired. Tables, I, II and III of ref 3 are to be used.

The median HTL is taken from table I (ref 3) and is 4 dB. The HTL (. 1) is equal to 4.0 plus the value of table If (ref 3)
or on 4.0 + 9.2 = 13.2 dBl. HTL(.9) is equal to 4.0 minus the value of table III (ref 3) or 4 - 9 -5.0 dB. The values
are those given in table 6 of this report.

DISCUSSION
None

9. DERIVING THE PRESBYCUSIS DATA FROM ROBINSON

APPROACH
The population was assumed to be exposed to a nonoccupational noise of 75 dB. Thus an emmission level for 75
decibels was used to obtain values from table 6 of reference 1. These values were added to table 4 of reference 1.
Specifically, for some frequency:

HTL(.1) =the value of the 10 percent column of table 6 (ref 1) for 75 + 10 log T (where T age (N) in years -
20) plus the value of table 2 (ref 1) for the appropriate age (N) in years.

Similarly
IITL(.5) =50% column of table 6 (ref 1) plus the appropriate value of table 3 (ref 1)
and
HTLI.9) appropriate value of 90% column of table 6 (ref 1) plus appropriate value of table 2 (ref 1)

A summary of these values is given in table 6 of this report.

SAMPLE CALCULATIONS
Calculate HUTL.9, HTL(.5). HTL(,1) for 2000 Hz at age 30.

Ernniission level is 75 + 10 log (30-20) = 15. For anl age of 30. the ago correction from table 2 (rof 1) is .6 A111 for 2000
Hz. For anl enunisslon level of 85, 10% column gives 9.1, 50% column gives .5, and 90% colwtun gives -7.5. Thus,

HTLI.9) = -7.5 + .6 = -6.9
HTL(.5) =.5 + .6 = 1.1
IITL(1) = 9.1 + .6 9.7

DISC ,SS1ON
The major deviation fromt Robinson's proposed method of calculating presbyeusis is lthe ass~umption that even the
nonindustri~al noisoe Ise population Is receiving anl average noit xoueo 5di Ti supinhsbe
supported by it recent report by Sechori.7 A study of 50 typical Americans hidicated that the median exposure was anl
average sound level of 74 d~l. This tissunmtpion causes, for the most part, only muinor adjuttuents i I or 2 d111) in the
pi'esbyensis values for all except the higher frequencies at.50 or 60 years. In the latter cases, this assWumption elevates dhe
IFIVL.I) values by uts much ast 6 or 7 till. However, with this assuniption, there is excellent agreentent between thle
pretibyclsis (iata of Passehier-Veniteor and Riobinson. Thie greatest deviation cantue again at the ol der ages at the higher
audioinetrie freq1ueneies. F~or Insatitee, at 3000 liz at age (A0 years, 1I111.i1) from i'assechier-Vermeer data is 39. 1, while
11IAIT I.hfrom liobimsou data is 26.4. If the assuniption of a 75 dB exposuire were not uscid, 11obihison's 1-1ITL(.l) would
be anl even lower 20.5 (11). lit stimnary, the preabyousis data of 111obinson wvithout Nuch anl assiumption provides4 age
effetits that art, ,,trealiltic. R1obinsoon catitions against isling table 2 tref 1) as a presbycusios data base anid 1is point Isl
well tilken. If hIobinumn's (Into are realistite at sall, thena ouch anl adjustment causLd by tie 75 dli exposture assumption
siwulil make the data comiparable to the datu of other iavestiguwors,

IMW



10. DESCRIBING PRESBYCUSIS DATA FROM THE PUBLIC HEALTH SURVEY
OF 1960-62

2APPROACH
The hearing threshold levels were taken from reference 12. The data, which were based on the 1951 ASA standard,
were corrected to the 1964 ISO audiometric standard. Tables 8, 9, 10 of reference 12 were used. These tables provide
percentage distributions of hearing levels for the better ear for men and women. The data are provided in 10 dB
intervals. Therefore, the data were plotted on probability paper and the values of HTL(.1), HTL(.5) and HTL(.9) were
estimated by drawing curves fitted by eye. Figure 1 provides an example of the technique used. Only HTL(.9) required
extrapolation, and then only at some frequencies. When such extrapolations were required, the data on 6-11 year old
children 13and 12-17 year old children14 were used as guidance. The female data are reported in table 7 and the male
data are reported in table 8 of this report.

SAMPLE CALCULATIONS
Calculate HTL(.9), HTL(.5) and HTL(.1) at 1000 Hz for males at age 60 from the Public Health Service (PHS) data.
From table 8,11 for men ages 55-64 years, the following data are given:

44.3 percent hear -5 dB (re 1951 ASA) or less
36.6 percent hear -4 to +5 dB (re 1951 ASA). Likewise, 12.7 percent hear +6 to +15, 2.2 percent hear +16 tr.

+25, etc. The adjustment from 1951 ASA to 1964 ISO requires that 10 dB be added to each of the stated interval levels
of table 8. Thus 44.3 percent of the population have a HTL of +5 dB or less, 36.6 percent have a HTL of +6 to +15
dB, etc. Cumulative percentages are calculated as follows:

Percent that hear better than: Percent
+5 dB 0 + 44.3 = 44.3

15 dB 36.6 + 44.3 = 80.9
25 dB 12.7 + 80.9 = 93.6

These values can then be plotted on probability paper as is done in figure 1. In order to estimate HTL(.9), a line is
drawn parallel to a line connecting data from 11 year old and 17 year old persons from the Public Health Service data.
The value of HTL .9) can then he estimated by the intersection of the vertical line, indicating 10 percent of the
population have better hearing. In this case, HTL (.9) was -2 de. Similarly HTL(.5) was found to be 6 dB and
HTL(. 1) was 21 dB. Notic all values were rounded to the next closest integer representing better hearing.

DISCUSSION
Tie above approach should provide reasonable estimates of the hearing levels from the Public Health Service data. In
general, the hearing levels at any frequency did not deviate much from a normal distrinution until the worse hearing
5-10% of the population. The extrapolations required to estimate HITL(,9) are only required when the hearing levels of
HTLI.9) are better than +5 to 9 dB, depending on frequency. When UTL(.9) is above 9 dB, it will always have been
predicted by interpolation.

11. COMBINING PRESBYCUSIS DATA OF PASSCHIER-VERMEER AND ROBINSON

APPIROACIi
A simlple arithmetic average was used. All rowiding was to dte uext highest tenth. A swumary of combined data 6
provided hi table 9.

SAMI'LE CALCULATION
None

D)ISUSSION
None

iii12



12. COMBINING HEARING THRESHOLD LEVELS
OF SEVERAL FREQUENCIES

APPROACH
As with the NIPTS data, the FTL value for each frequency is summed and the total sum is divided by the number of
frequencies considered. Thus HTL(.9) at 1/4(.5, 1, 2 & 3) is equal to 1/4 times (HTL(.9) at .5 kHz + HTL(.9) at I
kHz + HTL(.9) at 2 kHz + HTL(.9) at 3 kHz).

The values of HTL for the combined frequencies of .5, 1, 2, and 3 kHz are given in table 10 for each of the presbycusis
data bases. In addition, corrected HTL values for these four frequencies are given in table 10. The corrected data is
obtained by subtracting 2 decibels from HTL(. 1) and adding 2 decibels to HTL(.9). This correction, which only applies
when combining the four frequencies of .5, 1, 2 and 3 kHz, is discussed in paragraph 13.

SAMPLE CALCULATION
Calculate HTL(. 1) for 40 year olds, using women from the PHS as the presbycusis data base, for .5, 1, 2 and 3 kHz.

HTL(.1)at 500Hz=19
1000 Hz = 13
2000 Hz = 13
3000 Hz = 18

63
HTL(.1) at (.5, 1, 2, 3) = 63/4 15.8 dB.

corrected HTL(.1)= 15.8 - 2 = 13.8dB

DISCUSSION
See discussion in sections 7 and 13.

13. CORRECTION TO THE STATISTICAL DISTRIBUTION TO BE USED WHEN
ESTIMATING THE HEARING THRESHOLD LEVELS OF

SEVERAL COMBINED FREQUENCIES.

APPROACH
Some of the data from audiogranis of participants of the inter-hidustry noise 15 study were used to develop the
correction discussed herein. The data were divided into three main groups: 11) a good hearing group of 94 females 4188
ears), whose median hearing level of 1.5, 1, 2, 3) kHz was 5 decibels, 12) a medium hearing group of 58 males (116 ears)
wlhose median hearing threshold level at (.5, 1, 2, 3) kHz was 13 decibels. and a poor hearing group of 69 males (138
ears) whose median hearing level was 23 dB. For each of the groups, distributions of the hearing levels at each separate
frequency were prepared. The hearing levels for the combined frequencies of each individual were also calculated and
die distribution of these individual hearing levels was constructed. The HwL for various percentiles was then estimated
front combining the percentiles of the distributions for each frequency. This value was compared using the HTL of

individual data. A linear regression of the difference for various percentiles against Z, where Z = IITL(.5) - IITLox)
Standard Deoviation

was made and the necessary correction for HTLt.I) and HTL(.9) were estimated from the average of these regresion
curves.

13



SAMPLE CALCULATIONS
To illustrate the need for a correction, a simple problem will suffice. Consider audiometric data of five individuals:

.5 kHz I kHz 2 kHz 3 kHz Ave [0.5,1,2,3]
Subj No. 1 5 0 10 15 7.5
Subj No. 2 10 5 5 5 7.5
Subj No. 3 0 5 10 5 4.0
Subj No. 4 10 10 5 10 9.0
Subj No. 5 0 5 15 20 10.0

The worst hearing subject's HTL of the combined frequency 1/4(.5, 1, 2, 3) kHz is 10 decibels. On the other hand, if
the worst hearing level at each frequency were used to estimate HTL of the worst hearing individual, the levels of 10 dB
for 500 Hz, 10 dB for 1000 Hz, 15 dB for 2000 Hz and 20 dB for 3000 Hz would be averaged as '- 14 dB. In this case an
error of 4 decibels was made in using the distribution data from each frequency for estimating the actual distribution for
individuals.

2. To illustrate the details of the regression analysis, the errors for group 3 are summarized in table 11. The 138
audiograms were rank ordered for each frequency as well as for the individual combination of (.5, 1, 2 and 3) kHz.
Every 5th audiogram was used as a data point and as shown in table 11, the differences between adding the individual

columns for .5, 1, 2, 3 versus the actual hearing levels of individuals were calculated as error. The quantity -

138
provides the percentile of the population considered and Z was calculated for that percentile assuming a standard
deviation of 1. A standard linear regression of error against Z was calculated. The results of the three groups were:

Group No. 1 error = .04 + 1.33Z
No. 2 error = -. 09 + 2.18Z
No. 3 error - -. 34 + 2.22Z

considering Z = 1.28 for the 10th percentile and Z = -1.28 for the 90th percentile, the error predicted for HTL(.) is
1.74 for Group 1, 2.5 for Group 2 and 2.7 for Group 3. This is an average of 2.3 or approximately 2.

DISCUSSION
If for an individual, the HTL at one frequency were statistically independent of the HTL at the other frequencies, then
the amount of error could be estimated by known statistical procedures. For instance if the standard deviation of each
frequency were 6 dB, combining the four frequencies would produce a distribution with a standard deviation of 3 dB.
Thus the error expected for IITL (.1) would be 1.28 x 6 - 1.28 x 3 = 3.84 dB.

However, in an individual, the frequencies are not independent of each other. For instance, a person with a noise
induced loss at 3000 Hz would also be more likely to have a noise induced loss at 2000 Hz. Thus, the procedure
described above provides an empirical ,stimate of the correction needed. While it was initially thought that a greater
correction might be needed for the poorer hearing populations, the lack of difference between groups 2 and 3 indicate
that this is not necessarily true. The explanation, of course, is that in the poorer hearing groups there is more
correlation between the HTL of each frequency in an individual. In the extreme, if there were perfect correlation
between frequencies, no correction would be needed at all. For example, if subject 5 of example I had the highest
hearing level of the live subjects at each frequency, then there would have been no error in calculating the worst hearing
individual.

!The fina correction proposed 6 a 2 deoibel adjutmtet to IITLU) and HTL.9). This in effeet provides correctoi:
based oil:

r 0+ 2 Z

•., : While this is a few tenths of a decibel lower than what might be used for groups 2 and 3, this 2 dBI correction should give
> it aconservative estimate of die distribution of HTrL's when the frequencies of individuals are co•mbined.
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14. GENERALIZATION OF THE ADDITION OF NIPTS TO ANY REASONABLE
PRESBYCUSIS DATA BASE

APPROACH

The addition of NIPTS to presbycusis will result in a value that, for simplicity, will be called the noise impacted
hearing threshold level. To estimate the final noise impacted Hearing Threshold Level (NHTL) the NIPTS associated
with a certain noise exposure is simply added to the HTL expected due to presbycusis.

Thus, for some percentile x,
NHTL(x) = NIPTS(x) + HTL(x)
where NIPTS(x) is a value from tables 3 or 5 and HTL(x) is a value from tables 7, 8, or 9, or some other
appropriate table.

For x ..5, a normal distribution is assumed between .01 and .5 with a standard deviation of NHTL(. 1) - NHTL(.5)
1.28

For x > .5, a normal distribution is assumed between .5 and .99 with a standard deviation of NHTL(.5) - NHTL(.9)
1.28

Whenever NHTL, as calculated by this approach, is between 50 and 70 decibels a caveat to the effect that the actual
NHTL(x) may be a few decibels lower should be included. Whenever NHTL calculated by this approach is above 70
decibels, a caveat to the effect that the actual NHTL(x) may not greatly exceed 70 decibels should be mentioned.

SAMPLE CALCULATIONS
Calculate the hearing levels for the 5th percentile, 10th percentile, median, and 90th percentile at 2000 Hz expected in a
U.S. female population at age 40 after 20 years of daily occupational exposure to an average sound level of 90 decibels
for 8 hours. From table 3 NIPTS(.1) = 9.3 dB, NIPTS(.5) = 3.9 dB, and NIPTS(.9) - 1.6 dB. From table 7
HTL(.1) = 13 dB, HTL(.5) = 2 dB, and HTL(.9) = -4 dB.

Therefore
NHTLI.1) = 9.3 + 13 = 22.3 dB
NHTL(.5) = 3.9 + 2 = 5.9 dB
NHTLU.9) = 1.6- 4 = -- 2.4dB

To calculate NHTL(.05). a graphic approach on probability paper could be used as is done in Figure 2. Alternatively,
[ I for a normal curve, the value Z for .05 is 1.645. Thus NHTL(.05) can be calculated by:

NHTL(.05) = 1.64 5x NHTL).1)-NHTL(.5) , NHTL.5)
1.28!i• ~1.645 .2

-- -116 + 5.9

= 27.0 dB

Calculate the hearing levels at 4000 Hz not exceeded by more than 10 percent of the individuals of a random sample of
Ai United States male workers at age 60 who have been exposed to 95 decibels of occupational noise for 40 years.

Using table 8 at age (A HTL(.1 ) for 400 Hz is 68 decibels. N IPTS1. 1) for a 30 year exposure to an average sound level
of 95 decibels is 27.6. NHTL would be 68 + 28 = 96 decibels, a value that requires the proposed caveat since NHTL is
clearly above 70 decibels. In this case, Baughn's report might be consulted to obtain a better estimate. For instance, at•- 4 kHz Baughn's NHtTL1. I1I for a 78 dB exposure is 71 dB for a %-59 age group.5 At 92 dBl, Baughn's data indicate an

NIITL.T1) of only 77.4 dB, or only a 6 decibel change for a 14 dB increase in level. Thus a 95 decibel exposure to a
group of U.S. niales mnight better be expected to result in only a NHTLI. I of 74-75 decibels M68 + either 6 or 7 dM)..This is quite different from 96 41B predicted earlier.

I) 4 *,kION

The key to the procedure propx)sed in this document is, for some known noise exposure, the simple addition of the
NIPTS at a certain percentile to the HTL of a non-noise exposed population. Specifically, the NIPTS data of tables 3

-o 5 can be combined to the presbycusis data of table 7, 8 or 9. The question arises as to the accuracy of this procedure.
To answer thia question, the discussion will be divided into two considerations: (1) what actual data indicates and (21

into thieoretical considerations.
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The strongest support of adding the NIPTS data to any presbycusis base with hearing levels at or between the good
hearing of table 9 and the relatively poor hearing of table 8 is based on this fact: Although the presbycusis data
assumed by Robinson, Passchier-Vermeer and Baughn differed by a considerable amount, the NIPTS data itself was
quite comparable. For instance consider again table 4.

I . Also consider at age 60 for 1/3(.5, 1, 2) that HTL(.1) from Robinson's presbycusis base is 17 decibels, from
Passehier-Vermeer's presbycusis base is 21 dB, and from Baughn's presbycusis base is 38 decibels. Yet adding the
NIPTS of the combined Passchier-Vermeer data to the presbycusis data of Baughn would estimate that the resulting
NHTL(. 1) from an average sound level of 95 dB would be 51.3 decibels. This is, 4f course, in almost perfect agreement
with the 50.9 decibels predicted directly by Baughn's data. This same agreement generally holds for other percentiles
and for other exposures. The exception is that for 4000 Hz, when Baughn's HTL values are above 50 dB and especially
above 60 dB, the addition of NIPTS from Robinson and Passchier-Vermeer combined data definitely begin to
overestimate the actual NHTL of Baughn's data when combined with Baughn's presbycusis base. This is why the
caveats with respect to NHTL above 50 decibels. Thus, the use of Baughn's data provides the basis of a key finding. It
is reasonable to add the combined NIPTS data of Passchier-Vermeer and Robinson to any presbycusis base providing
the resulting Noise Impacted Hearing Threshold Level is 50 decibels or lower.

Further support of this statement comes from the NIOSH report. 6  The authors were able to conclude that older
employees exposed to noise for the first time were at least as sensitive, if not more sensitive, to noise exposure than
employees who began their noise exposure at age 20 or there abouts. Again, this is consistent with the notion that the
NIPTS calculated from a good hearing population can also be added to a poorer hearing population.

With respect to adding NIPTS to the 10th percentile and 90th percentile, the question often arises as to whether or not
simple addition is proper. Especially bothersome to many is when NIPTS(.1) is considerably larger than NIPTS.9).
This would seem to imply that individuals with greater hearing loss are more susceptible to noise. This is not necessarily
the case, however. It again must be remembered that NIPTS as used in this report describes changes in statistical
distributions of hearing level iue to noise. The statistical distribution of noise induced hearing changes of individuals is
not described. However, if the assumption that susceptibility to hearing loss is independent of initial hearing level is
used, Theissen has shown that adding a skewed1 6 distribution of individual hearing loss to a normal distribution of
hearing level threshold will always result in a skewed distribution of NHTL. 17 This means that NIPTS(.1) value will
be greater than the values of NIPTS(.9) or the median. Using several different, but reasonable, skewed distributiona,
Johnson has shown that this effect should also be valid for reasonable non-normal distributions. While such modeling
does not prove that NIPTS can be added to any presbycusis level, it does show that such a simple addition is not
"unreasonable. Baughn's data show that such a simple addition is not only not unreasonable, but is probably the best
procedure to use at this time.

15. DEVELOPMENT OF TABLES THAT SHOW THE PERCENTAGE OF THE
POPULATION EXPECTED TO EXCEED A SPECIFIED HEARING THRESHOLD LEVEL.

APPROACH
Noise Impacted Hearing Threshold Level (NHTL) is plotted on probability paper for the 10th, 50th and the 90th
percentiles. A straight line is drawn through the 10th and 50th percentile points [NHTL(.1) and NHTL(.5)] and
extended to the 1st percentile(NIIH''L(.0IJ. Sinilarly, a line is drawn through the 50th and 90th percentile and
extended through the 99th percentile. The percentage that have hearing threshold levels greater than some specified
value (or fenceI is determined by the intersection of that level with one of the two straight lines drawn. See Figure 3 for
an example: this can also be done by a simple cot ,uter program and tables 12, 13, and 14 were all done by a computer
program instead of graphically. The computer program used is described in an appendix to this report.

SAMPLE CALCULATIONS
Calculate the number of 50 year old women that would be expected to have hearing threshold levels greater than 25
decibels for the combined frequencies of 1/4(.5, 1, 2, 3) kliz. The noise exposure Is an averatze sound level of 90
decibels for 30 years, Using data from table 5 and the corrected data of table 7, NHTL(. 1) is calculated as 9.0 dB plus
"20 dD or 29.0 decibels. NHTL(.5 is also calculated as 5.0 dB plus 7.3 dB or 12.3 decibels. These values are plotted in

V.1

• - . -. 1.



-:-]7

figure 3 and a line is drawn through these points. The intersection of the 25 decibel fence with this line is at the point
where 83 percent of the population have better hearing. Reading the scale along the top of the paper shows between 17
percent of the population have worse hearing (or higher threshold levels). This is desired information. This value is
shown in table 13. Note: the graphic method is a little less accurate and for this reason the computer technique was
used to generate tables 12-14.

DISCUSSION
The above procedure is straightforward and quite flexible. Other fences besides one of 25 dB can be used and the reader
is encouraged to observe the effect of using different fences in figure 3.

16. DEVELOPMENT OF TABLES THAT SHOW THE NUMBER OF DECIBELS ABOVE
25 DECIBELS FOR 1/4(.5, 1,2,3) kHz THAT WOULD OCCUR IN A POPULATION

OF 100 INDIVIDUALS (UNITS OF POTENTIAL COMPENSATION).

APPROACH
The data are plotted in the same manner as in the preceding section for calculating the percentage of the population
exceeding some hearing threshold level, Thus figure 3 is replicated. Using the scale at the top of the paper, the hearing
levels indicated by the NHTL line for the .5, 1.5, 2.5, etc., percentiles are calculated until the hearing level is below the
25 decibel fence. For the hearing levels above the 25 decibel fence, 25 decibels are substracted from each level and then
the resultant levels are summed. This value provides the number of Units of Potential Compensation. In summary,
Units of Potential Compensation is the normalized area between the NHTL curves and the 25 decibel fence. Tables 15,
16, and 17 provides Units of Potential Compensation for 1/4(.5, 1, 2) kHz with a 25 decibel fence for the presbycusis
base of tables 7, 8,or 9.

A computer program was developed to make these calculations. This program is available in Appendix A. For the sake
of consistency, this program was used to generate tables 15, 16,and 17. In this program, calculations were made every
0.2 percentiles (i.e..1, .3,.5,.7, .9, 1.1, etc) and the final answer divided by 5.

SAMPLE CALCULATION
Calculate the Units of Potential Compensation to be expected in a group of 50 year old females with no occupational
noise exposure.

The necessary data are already plotted in Figure 3 (see last section for details). Using the curve marked preshycusis, the
percentiles at the top of the figure are used at .5, 1.5, etc. Specifically:

Percentile HTL IITL-25
.5 32.6 7.6

1.5 28.7 3.7
2.5 26.5 1.5
3.5 25.0 0

12.8
Thus, the Units of Potential Compensation calculated in this manner equals • 13 units per 100 people. In table 16, the
Units of Potential Compensation was 15 units per 100 people. The small difference is to the slight improvement in
accuracy in using smaller increments.

)DISCUSSION
The above procedure provides an approximate estimate of the relative magnitude of the impact of different noise
exposures. Since the PHS data used are for the better ear, this procedure should provide a good estimate of possible
compiensation costs since the dollar aniount of compensation is more dependent (usually 5 times) on the better ear than
the worse ear. Obviously, the entire procedure is not perfectly accurate, and probably never will be. Slight errors occur
by assuming parts of the distribution are normal. This might introduce a significant error for the worst hearing 5-10
percent of the population. Again refer to figure 1. On the other hand, part of this poor hearing is caused by factors that
can be easily identified as not being caused by noise, Thus not all these cases would be provided compensation for noise
exposure. Likewise, for the more intense noise exposures, the Noise Impacted Hearing Threshold Level often exceeded

17
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70 decibels. Yet in the calculation of Units of Potential Compensation, no correction was made for this fact. These
latter two considerations should more than compensate for any errors associated with assuming a normal curve. As
stated before, however, the greatest source of error will probably be in the presbycusis base itself. The truth should

always be somewhere between the values of table 15 and table 17.

17. APPLICATION OF PRECEDING PROCEDURES TO OTHER DATA BASES

APPROACH AND DISCUSSION
The preceding procedures such as those used to obtain tables 12-17 can be used for any reasonable presbycusis data
base. Recently, there have been several more presbycusis data bases proposed. One report by Robinson and Sutton19

synthesizes many data bases into two common bases: one for otologically screened men and one for otologically
screened women. This data are presented in table 18. For convenience, tables of the percentage of the population
expected to exceed 25 decibels (tables 19 and 20) are provided as well as tables of potential compensation (tables 21 and
22). Royster and Thomas have obtained uncreened data that are typical for a certain geographic region. 20 These data
are also presented in table 23. The Royster and Thomas data indicate that there may be some inconsistencies in the
male data for the older ages. This problem, which is most likely due to the small sample size in the older age groups
(actually only 24 subjects were in the 50.59 age group and 14 in the 60-69 group), highlights several considerations.
First, small data bases are sometimes difficult to use without some type of smoothing to make the data fit into a logical
pattern of presbycusis. Second, if given the problem of estimating the effect of noise on unscreened populations typical
of the population used in the Royster et al. study, then data such as that in table 23 are useful for selecting which
presbycusis base (those of table 7, table 8, table 9 or table 18) best represents the population in question. In this
example, the male data in table 23 might best be represented by table 8 and the female data in table 23 by table 7. Then
the NIPTS in table 5 could be added to table 8 and 7 to predict the resulting Noise Induced Hearing Threshold Levels.

Finally, most of the difficulty with the data in table 23 is with the .9 and. 1 percentiles. The median is consistent. Thus
a practical approach that could be taken is to use the differences in HTL(. 1) and HTL(.5) in some table such as table 7
to predict the HTLI. 1) that might be expected from the median in table 23. For instance, for women of age 50 (table 71
the difference between HTL(. 1) and HTL(.5) at 4000 Hz is 17 dB (26-9). Adding 17 dB to the median in table 23 (13.6
dBl) would predict HTL(. 1) to be 31 dB. Thus, this procedure could be used to modify the HTLM.9) and IITL{.1) values
of table 23 to be consistent with those in table 7.

18. DERIVATION OF A MODIFIED PRESBYCUSIS BASE THAT REASONABLY
PREDICTS THE SAME PERCENTAGE OF THE POPULATION EXCEEDING

25 DECIBELS FOR 1/3 (.5,1.2 kHz) AS ISO STANDARD 1999

APPROACH AND DISCUSSION
The data In reference 5 (specifically table 7 of reference 5) have been used as the basis of ISO standard 1999. 'T'hese
data, which are presented as the percent of the population that will exc.ed a 25 decibel hearing level versus noise
exposure level, have been criticized as being unrealistic, A smaller percent of the population is normally found to exceedi 25 decibels titan predicted by ISO 1999. Therefore, it is informative to investigate tile reason for this discrepancy. Table
24 provides ltie basie presbyousis data that are obtainable by Baughn's report (ref 5). Tlhese data are tihe hearing levelsof a group of workers exposed to an A-weighted average level of 78 dB during the working (lay (see ref 5 for statistical

breakout of the noise). Also inc.luded In table 24 is a presbycusis base that would provide an adequate prediction of
Baughn's Risk Data liable 7 of Blaughn's report) if thie NIPTS data In table 5 were added to this uns reened
presbycusis base. A comparison of the data in table 7 of Blaughn's report with that using the recommended presbycusis"base and the NIPTS data in table 5 is provided in table 25. The recommended presbyeusis base for Ilaughl's data was

derived by trial and error until the data shown in table 25 showed reasonable correspondence. While the fit is not
perfect, it Is quite good. The good agreement between the recommended presbyeusis base and the actual data from
table 3 of reference 5 should be noted. In the final analysis, not too much accuracy is lost if the NIPTS data in table 5
were added to the actual hearing threshold levels provided by JIauglm (table 3 of Baughn's report). Nevertheless, the
recoameaded presbycusis base of table 24 is preferred and tables 26 and 27 were derived from this data base.

18



The percent of population with losses above 25 dB and the Units of Potential Compensation are shown in tables 26 and
27 respectively. Thus table 27 provided Units of Potential Compensation that are consistent with the present ISO
standard R-1999.

When compared to tables 8 or 9, the data in table 24 show considerably higher hearing threshold levels, especially for
the median and the .9 percentile, than either table 8 or 9. These elevated threshold levels, not the NIPTS data derived
from Baughn's study, cause the tables in R-1999 to overestimate the percentage of the population that exceed 25
decibels for many of the specific populations in the world.

This again emphasizes the need for determining the presbycusis base of the population being studied.

.1
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Table 1

The Noise Induced Permanent Threshold Shift predicted by Passohier-Vermeer (ref. 3) for average sound levels of 75
to 100 dB. Data are for 8-hour occupational noise exposures. Medians (.5) are from table A-i and the 90th (.9) and the
10th (.1) percentiles are from table B-5 of ref. 3.

Sound Freq. 10 yrs. 20 yrs. 30 yrs. 40 yrs.
Level .9 .5 .1 .9 .5 .1 .9 .5 .1 .8 .5 .1
[dB] [Hz]

75 500 0 0 0 0 0 0 0 0 0 0 0 0
80 500 0 0 .8 0 0 0 .6 0 0 1.4 0 0
85 500 0 0 1.7 0 0 .9 .6 0 .1 1.4 0 0
90 500 0 0 2.3 0 0 1.5 .6 0 .7 1.4 0 0
95 500 0 0 2.3 0 0 1.5 0 0 .7 .6 0 0

100 500 2.2 4.3 6.6 3.7 5.2 6.7 5.2 6.1 6.8 6.9 7.0 6.9

Sound Freq. 10 yrs. 20 yrs. 30 yrs. 40 yrs.
Level .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1
[dB] [Hz]

75 1000 0 0 0 0 0 0 0 U 0 0 0 0
80 1000 0 0 .8 0 0 0 .6 0 0 1.4 0 0
85 1000 0 0 2.3 0 0 1.5 .6 0 .7 1.4 0 0
90 1000 0 0 2.3 0 0 1.5 .6 0 .7 1.4 0 095 1000 0 2.5 4.8 0 3.3 4.8 4.7 4.1 4.8 6.3 4.9 4.8

100 1000 4.2 6.8 9.6 6.6 8.6 10.6 9.0 10.4 11.6 12.2 12.2 12.6

Sound Freq. l0 yrs. 20yrs. 30yrs. 40yrs.

Level .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1
[dB] [Hz]

75 2000 0 0 0 0 0 0 0 0 0 0 0 0
80 2000 0 0 1.8 0 0 0 1.8 0 0 3.2 0 0
85 2000 0 .3 6.1 .6 .6 4.6 2.7 .9 2.9 4.4 1.2 .8
90 2000 0 1.7 8.5 1.4 3.4 8.4 4.9 5.1 11.1 8.1 6.9 7.5
95 2000 0 4.8 14.6 4.0 9.0 17.0 10.3 13.5 19.5 16.2 18.0 21.6

.1 100 2000 0 7.3 21.1 6.5 14.5 26.5 15.8 22.0 32.0 24.2 29,0 36.6

Sound Freq. l0yrs. 20yrs. 30yrs. 40yrs.
Level .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1[dB] [Hz]

75 3000 0 0 0 0 0 0 0 0 0 0 0 0
80 3000 0 3.0 5.7 3.3 3.3 3.3 6.3 3.6 1.2 9.5 3.9 0
85 3000 2.1 6.1 8.8 5.7 6.7 6.7 9.0 7.3 4.9 12.5 7.9 2.9

5.5 12.5 20.7 9.7 13.7 19.2 12.7 15.0 17.9 17.8 16.2 16.7
95 3000 11.5 21.0 32.2 16.6 23.1 32.6 21.4 25.2 32.3 26.4 27.3 31.8

100 3000 22.8 32.3 44,.5 29.2 35.7 45.2 35.1 38.9 46.0 41.2 42.1 46.6

Sound Freq. 1Oyr. 20 yrs. 30 yrs. 40 yrs.Level .9 .5 .1 .9 .5 ,1 .9 .5 .1 .9 .5 .1

[dB] [Hz]75 4000 0 0 0 0 0 0 0 0 0 0 0 0
80 4000 0 5.0 7 0 5.0 0 2.7 5.0 7.6 5.6 5.0 5.0
85 4000 1.8 9.8 16.5 4.8 9.8 13.11 7.5 9.8 11.4 10.4 9.8 8.8
90 4000 9.5 16.5 22.7 12.5 16.5 20.0 15.2 16.5 17.6 18.1 16.5 15.0
95 4000 21.4 27.4 32.1 24.4 27.4 29.4 27.1 27.4 27.0 30.0 27.4 24.4

100 4000 33.7 38.7 42.5 36.7 38.7 39.7 39.4 38.7 37.3 42.3 38.7 34.7

23

d~l,- -



Sound Freq. 10 yrs. 20Oyrs. 30 yrs. 40Oyrs.
Level .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1
[dBJ [Hz I

75 6000 0 0 0 0 0 0 0 0 0 0 0 0
80 6000 .1 3.1 5.8 3.1 3.1 3.1 5.8 3.1 .7 8.6 3.1 0
85 6000 1.1 7.1 11.8 4.1 7.1 9.1 6.8 7.1 6.7 9.7 7.1 4.1
90 6000 1.6 11.6 19.3 4.6 11.6 16.6 7.3 11.6 14.2 10.2 11.6 11.6
95 6i000 4.3 17.3 27.0 7.5 17.5 24.5 10.3 17.6 22.2 13.3 17.7 19.7

100 6000 10.6 23.6 35.3 15.8 25.8 34.8 20.8 ')8.1 34.7 25.9 30.3 34.3

I '-4
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Table 2

The Noise Induced Permanent Threshold Shift predicted by averaging the data of Robinson (ref. 1) for average sound
levels of 75 tw 100 dB. Data are for 8-hour occupational noise exposures.

Sound Freq. 10 yrs. 20 yrs. 30 yrs. 40 yrs.Level .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1
[dB] [Hz]

* 75 500 0 0 0 0 0 0 0 0 0 0 0 0
80 500 0 .2 .3 .1 .2 .5 .1 .2 .7 .1 .3 .885 500 .1 .4 1.0 .2 .6 1.5 .3 .7 2.0 .3 .8 2.2
90 500 .3 .9 2.3 .4 1.3 3.3 .6 1.6 4.3 .7 1.9 4.8

r' 95 500 .6 1.8 4.6 .9 2.6 6.5 1.2 3.3 8.2 1.4 3.7 9.2
100 500 1.2 3.5 8.5 1.9 5.0 11.7 2.5 6.3 14.4 2.8 7.3 15.8

Sound Freq. 10yrs. 20 yrs. 30 yrs. 40 yrs.
* Level .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1

(dB) (Hz)
75 1000 0 0 0 0 0 0 0 0 0 0 0 0
80 1000 .1 .2 .5 .1 .3 .8 .1 .4 1.1 .1 .4 1.2
85 1000 .2 .6 1.6 .3 .9 2.3 .4 1.2 3.0 .5 1.3 3.4
90 1000 .5 1.4 3.5 .8 2.0 5.0 .9 2.6 6.4 1.1 2.9 7.1
95 1000 1.0 2.8 6.9 1.5 4.0 9.6 1.9 5.1 11.9 2.2 5.7 13.0

100 1000 2.0 5.3 12.4 3.0 7.5 16.4 3.8 9.4 19.5 4.3 10.4 21.1

Sound Freq. 10yrs. 20 yrs. 30 yrs. 40 yrs.
Level .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1I( [dB] (Hz]

75 2000 0 0 0 0 0 0 0 0 0 0 0 080 2000 .2 .5 1.3 .2 .7 1.8 .3 .9 2.3 .4 1.1 2.6
85 2000 .5 1.4 3.6 .7 2.0 5.0 .9 2.6 6.2 1.1 2.9 7.0
90 2000 1.1 3.1 7.5 1.7 4.4 10.2 2.2 5.6 12.4 2.5 6.3 13.6
95 2000 2.4 6.1 13.7 3.4 8.4 17.7 4.4 10.5 20.6 5.0 11.6 22.1

100 2000 4.6 11.0 21.9 6.5 14.7 26.7 8.2 17.7 29.7 9.2 19.2 31.1

Sound Freq. 10 yrs. 20 yrs. 30 yrs. 40 yrs.
Level .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1
{dBi (HzI

75 3000 0 0 0 0 0 0 0 0 0 0 0 0
80 300 .4 .9 2.5 .5 1.4 3.4 .6 1.8 4.1 .7 2.0 4.6
85 3000 1.0 2.7 6.6 1.5 3.9 8.9 1.9 5.0 10.5 2.2 5.5 11.4
90 3000 2.3 5.9 13.0 3.4 8.2 16.5 4.3 10.1 18.9 4.8 11.1 20.1
95 3000 4.6 11.0 21.4 6.6 14.7 25.6 8.3 17.5 27.9 9.2 18.9 29.1

100 3000 8.7 18.4 30.4 11.9 23.2 34.1 14.5 26.4 35.9 15.9 27.9 36.6

Sound Freq. 10 yrs. 20 yrs. 30 yrs. 40 yrs.
Level .9 .5 1 .9 5 .1 .9 .5 .1 .9 .5 .1

* (Idil (lx]
75 4000 0 0 0 0 0 0 0 0 0 0 0 0

) 400 .5 1.2 3.1 .6 1.8 4.1 .9 2.3 5.0 1.0 2.5 5.5
85 4000 1.4 3.5 8.1 1.9 5.0 10.5 2.5 6.1 12.3 2.9 6.8 13.1
90 4OR0 3.0 7.3 15.4 4.3 10.1 18.9 5.4 12.2 21.1 6.1 13.3 22.2
95 40W0 5.9 13.4 24.2 8.3 17.5 27.9 10.3 20.4 29.9 11.4 21.8 30.7

100 4000 10.8 21.6 33.0 14.5 26.4 35.9 17.4 29.4 37.0 18.9 30.8 37.4
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Sound Freq. 40rs Oys yr.Oyrs.

Level .9 .5.1 .9 .5.1 .9 .5.1 .9 .5.

75 6000 0 0 0 0 0 0 0 0 0 0 0 0

80 6000 .4 .9 2.2 .5 1.2 3.1 .6 1.6 3.7 .6 1.8 4.1

85 6000 1.0 2.5 5.9 1.4 3.5 8.1 1.7 4.4 9.6 1.9 5.0 10.5
90 6000 2.1 5.3 11.8 3.0 7.3 15.4 3.8 9.1 17.7 4.3 10.1 18.9
95 6000 4.2 10.0 19.9 5.9 13.4 24.2 7.4 16.0 26.8 8.3 17.5 27.9

100 6000 7.8 16.9 29.0 -10.8 21.6 33.0 13.] 24.8 35.0 14.5 26.4 35.9
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*1 Table 3

The Noise Induced Permanent Threshold Shift predicted by averaging the data of Robinson and Passchier-Vermeer
for average sound levels of 75 dB* to 100 dB. Data is for 8 hour occupational noise exposures.

Sound Freq. 10 yrs. 20 yr.s 30 yrs. 40 yrs.
Level .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1
[dBl [HzI

75 500 0 0 0 0 0 0 0 0 0 0 0 0
80 500 0 .1 .6 .1 .1 .3 .4 .1 .4 .8 .2 .4
85 500 .1 .2 1.4 .1 .3 1.2 .5 .7 1.5 .9 .4 1.1
90 500 .2 .5 2.3 .2 .7 2.4 .6 .8 2.5 1.1 1.0 2.4
95 500 .3 .9 3.5 .5 1.3 4.0 .6 1.7 4.5 1.0 1.9 4.6

100 500 1.7 3.9 7.6 2.8 5.1 9.2 3.9 6.2 10.6 4.9 7.2 11.4

Sound Freq. 10 yrs. 20 yrs. 30 yrs. 40 yrs.
Level .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1
(dBl (Hz]

75 1000 0 0 0 0 0 0 0 0 0 0 0 0
80 1000 .1 .1 .7 .1 .2 .4 .4 .2 .6 .8 .2 .6
85 1000 .1 .3 2.0 .2 .5 1.9 .5 .6 1.9 .9 .7 1.7
90 1000 .3 .7 2.9 .4 1.0 3.3 .8 1.3 3.6 1.3 1.5 3.6
95 1000 .5 2.7 5.9 .8 3.7 7.2 3.3 4.6 8.4 4.3 5.3 8.9

100 1000 3.1 6.1 11.0 4.8 8.1 13.5 6.4 9.9 15.6 8.3 11.3 16.9

Sound Freq. 10 yrs. 20 yrs. 30 yrs. 40 yrs.
Level .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1
[dB] [Hz]

75 2000 0 0 0 0 0 0 0 0 0 0 0 0
80 2000 .1 .3 1.6 .1 .4 .9 1.1 .5 1.2 1.8 .6 1.3
85 2000 .3 .9 4.9 .7 1.3 4.8 1.8 1.8 4.6 2.8 2.1 3.9
90 2000 .6 2.4 8.0 1.6 3.9 9.3 3.6 5.4 11.8 5.3 6.6 10.6
95 2000 1.2 5.5 14.2 3.7 8.7 17.4 7.4 12.0 20.1 10.6 14.8 21.9

100 2000 2.3 9.2 21.5 6.5 14.6 26.6 12.0 19.9 30.9 16.7 24.1 33.9

*For broad band noise the NIPTS for 75 dB is expected to be negligible as indicated by the zeros in the table. However,
long exposure to pure tones or narrow bands ('A octave band or narrower) at 75 dB could result in a small amount of
NIPTS in the audiometric frequencies located slightly above the exposure frequencies.

Sound Freq. 1U yrs. 20 yrs. 30 yrs. 40yrs.
Level .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1
(dBj [Hz]

75 3000 0 0 0 0 0 0 0 0 0 0 0 0
80 3000 .2 2.0 4.1 1.9 2.4 3.4 3.5 2.7 2.7 5.1 3.0 2.3
85 3000 1.6 4.4 7.7 3.6 5.3 7.8 5.5 6.2 7.6 7.4 6.7 7.2
90 3000 3.9 9.2 16.9 6.6 11.0 17.9 8.5 12.6 18.4 11.3 13.7 18.4
95 3000 8.1 16.0 26.8 11.6 18.9 29.1 14.9 21.4 30.1 17.8 23.1 30.5

100 3000 15.8 25.4 37.5 20.6 29.5 39.7 24.8 32.7 41.0 28.6 35.0 41.6
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Sound Freq. 10 yrs. 20 yrs. 30 yrs. 40 yrs.
Level .9 .5 .1 .9 .5 .1 .9 .5.1 .9 .5 .1
[dB] tHzI

75 4000 0 0 0 0 0 0 0 0 0 0 0 0
80 4000 .3 3.1 1.9 .3 3.4 2.1 1.8 3.7 6.3 3.3 3.8 5.3
85 4000 1.6 6.7 12.3 3.4 7.4 12.2 5.0 8.0 11.9 6.7 8.3 11.0
90 4000 6.3 11.9 19.1 8.4 13.3 19.5 10.3 14.4 19.4 12.1 14.9 18.6
95 4000 13.7 20.4 28.2 16.4 22.5 28.7 18.7 23.9 28.5 20.7 24.6 27.6

100 4000 22.3 30.2 37.8 25.6 32.6 37.8 28.4 34.1 37.2 30.6 34.8 36.1

Sound Freq. 10 yrs. 20yrM. 30 yrs. 40 yrs.
Level .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1
[dB] [Hzj--

75 6000 0 0 0 0 0 0 0 0 0 0 0 0
80 6000 .3 2.0 4.0 1.8 2.2 3.1 3.2 2.4 2.2 4.6 2.5 2.1
85 6000 1.1 4.8 8.9 2.8 5.3 8.6 4.3 5.8 8.2 5.8 6.1 7.3
90 6000 1.9 8.5 15.6 3.8 9.5 16.0 5.6 10.4 16.0 7.3 10.9 15.3
95 6000 4.3 13.7 23.5 6.7 15.5 24.4 8.9 16.8 24.5 10.8 17.6 23.8

100 6000 9.2 20.3 32.2 13.3 23.7 33.9 17.0 26.5 34.9 20.2 28.4 35.1

Table 4

NIPTS calculated from comparison of Passcbier-Vermeer and Robinson's data to NIPTS calculated from Baughn for
the average of .5 KHz, 1 KHz, and 2 KHz after 40 years exposure (from reference 8).

Puaschier- Robinson average of Baughn
Vermeer Passchier-

Vermeer &
Exposure Livel Robinson

NIPTS(.) .3 4.2 2.2 3.9
85 dB NIPTS(.5) .4 1.7 1.1 1.9

NIPTS(.) 2.4 .6 1.5 1.2

NIPTS(.) 2.5 8.5 5.5 7.3
90 dB NIPTS(.5) 2.3 3.7 3.0 3.2

NIPTS(.) 3.6 1.5 2.6 2.5

NIPTS(.) 8.8 14.8 11.8 12.9
95dBNIPTS(.5) 7.6 7.3 7.3 6.1

NIPTS(.) 7.7 2.9 5.3 4.1
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Table 5

The Noise Induced Permanent Threshold Shift for combined frequencies predicted by averaging the data of Robinson
and Passohier-Vermeer for average sound levels of 75 to 100 dB. Data are for 8-hour occupational noise exposures. The
90th, 50th, and 10th percentiles are indicated by .9, .5, and .1.

V¼(.5,1,2,3)

Sound 10 yrs. 20 yrs. 30 yrs. 40 yrs.
Level .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1
jdB]

75 0 0 0 0 0 0 0 0 0 0 0 0
80 .1 .6 1.4 .6 .8 1.4 1.4 .9 1.4 2.1 1.0 1.4
85 .5 1.5 3.8 1.2 1.9 3.8 2.1 2.3 3.8 3.0 2.5 3.8
"90 1.3 3.2 7.5 2.2 4.2 8.2 3.4 5.0 9.0 4.8 5.7 9.0
95 2.5 6.3 12.6 4.2 8.2 14.4 6.6 9.9 15.8 8.4 11.3 16.5

100 5.7 11.2 19.4 8.7 14.7 22.3 11.8 17.2 24.5 14.6 19.4 26.0

1/3(.5,1,2)

75 0 0 0 0 0 0 0 0 0 0 0 0
80 .1 .2 .7 .1 .2 .7 .6 .3 .7 1.1 .3 .8
85 .2 .5 2.6 .3 .7 2.6 .9 1.0 2.6 1.5 1.1 2.6
90 .4 1.2 4.4 .7 1.9 5.0 1.7 2.5 5.8 2.6 3.0 5.8
95 .7 3.0 7.9 1.7 4.6 9.5 3.8 6.1 11.0 5.3 7.3 11.8

100 2.4 6.4 13.4 4.7 9.3 16.4 7.4 12.0 19.0 10.0 14.2 20.7

Y4(.5,1,2,4)

75 0 0 0 0 0 0 0 0 0 0 0 0
80 .1 .9 1.1 .2 1.0 1.1 .9 1.1 2.0 1.7 1.2 2.0
85 .5 2.0 5.0 1.1 2.4 5.0 2.0 2.8 5.0 2.8 2.9 5.0
90 1.9 3.9 8.1 2.7 4.7 8.6 3.8 5.5 9.1 5.0 6.0 9.1
95 3.9 7.4 13.0 5.4 9.1 14.3 7.5 10.6 15.4 9.2 11.7 15.8

100 7.4 12.4 19.5 9.9 15.1 21.8 12.7 17.5 23.6 15.1 19.4 24.6

IA(1,2,3)

75 0 0 0 0 0 0 0 0 0 0 0 0
80 .1 .8 4.5 .7 1.0 1.6 1.7 1.1 1.5 2.6 1.3 1.4
85 .7 1.9 4.9 1.5 2.4 4.8 2.6 2.9 4.7 3.7 3.2 4.3

*90 1.6 4.1 9.3 2.9 5.3 10.2 4.3 6.4 11.3 6.0 7.3 10.9
95 3.3 8.1 15.6 5.4 10,4 17.9 8.5 12.7 19.5 10.9 14.4 20.4

100 7.1 13.6 23.3 10.6 17.4 26.6 14.4 20.8 29.2 17.9 23.5 30.8
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Table 6

The hearing levels in decibels expected of an otologically screened population that has not been exposed to an
occupational noise level above 75 dB. The levels are given for both Passchier-Vermeer and Robinson. Rob(75) is
Robinson's data assumning the non-occupational exposure of 75 dB. Rob(NN) assumes no significant noise exposure of
any kind.

20 yrs. 30 yrs. 40yrs. 50 yrs. 60yrs.
.9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1

500 P.V. -7.0 0 6.5 -7.1 .5 7.7 -6.2 2.0 10.0 -4.3 4.5 13.3 -1.6 8.0 17.6
500 Rob(75) -7.6 0 7.6 -7.2 .5 8.5 -6.0 1.8 9.6 -4.0 3.9 12.0 -1.2 6.7 14.9
500 Rob(NN) -7.6 0 7.6 -7.2 .4 8.0 -6.0 1.6 9.2 -4.0 3.6 11.2 -1.2 6.4 14.0

1000 P.V. -6.9 0 6.6 -7.1 .5 7.9 -6.2 2.0 10.2 -- 4.3 4.5 13.5 -1.6 8.0 17.8
* 1000 Rob(75) -7.6 0 7.6 -7.2 .6 8.7 -5.9 2.0 10.3 -3.6 4.3 12.7 -. 6 7.4 15.9

1000 Rob(NN) -7.6 0 7.6 -7.2 .4 8.0 -5.9 1.7 9.3 -3.7 3.9 11.5 -. 7 6.9 14.5

2000 P.V. -5.5 0 5.5 -6.2 1.0 8.4 -5.0 4.0 13.2 -2.3 8.5 19.7 2.8 15.0 28.6
2000 Rob(75) -7.6 0 7.6 -6.9 1.1 9.7 -5.0 3.2 12.2 -2.3 6.0 15.4 2.3 10.6 20.0
"2000 Rob(NN) -7.6 0 7.6 -7.0 .6 8.2 -5.4 2.2 9.8 -2.2 5.4 13.0 2.0 9.6 17.2

3000 P.V. -5.6 0 6.5 -6.5 2.0 10.9 -5.0 6.5 18.1 -1.2 13.0 27.0 5.4 22.5 39.1
3000 Rob(75) -7.6 0 7.6 -6.5 1.9 10.7 -3.9 4.8 15.0 .3 9.2 20.2 6.0 15.1 26.4
3000 Rob(NN) -7.6 0 7.6 -6.8 .8 8.4 -4.4 3.2 10.8 -. 4 7.2 14.8 5.2 12.8 20.4

4000 P.V. -8.5 0 10.5 -8.4 3.0 15.9 -4.9 9.5 25.1 .9 18.0 36.0 8.5 28.5 49.1
4000 Rob(75) -7.6 0 7.6 -6.0 2.6 12.5 -2.1 6.8 17.8 4.1 13.4 25.2 12.6 22.2 34.4
4000 Rob(NN) -7.6 0 7.6 -6.4 1.2 8.8 -2.8 4.8 12.4 3.2 10.8 18.4 11.6 19.2 26.8

6000 P.V. -6.4 0 6.1 -5.8 3.5 12.5 -. 8 11.5 23.5 6.5 21.5 36.2 15.6 33.5 51.1
6000 Rob(75) -7.6 0 7.6 -6.0 2.3 11.6 -1.6 7.0 16.9 5.6 14.4 25.0 15.5 24.4 35.4
6000 Rob(NN) -7.6 0 7.6 -6.5 1.1 8.7 -2.0 5.6 13.2 5.0 12.6 20.4 14.8 22.4 30.0
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Table 7

The hearing levels in decibels of non-screened females. Non-noise exposed males should have similar hearing levels.
Data are from the 1960-62 Public Health Survey.

30yrs. 40yr. 50 yrs. 60 yrs.
Frequency .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1

500Hz -1 6 15 0 7 19 1 10 23 4 14 29
lO00Hz -6 1 9 -5 2 13 -4 4 16 -2 7 21
2000Hz -6 0 10 -4 2 13 2 6 23 0 8 29
3000Hz -4 4 13 -2 6 18 0 9 26 3 16 37
4000Hz -5 4 15 -4 6 18 -1 9 26 4 17 43
6000Hz 3 12 25 5 15 31 8 20 45 15 29 57

IA(.5,1,2) -4.3 2.3 11.3 -3.0 3.7 15.0 -. 3 6.7 20.7 .7 9.7 26.3
¼1(.5,1,2,3) -4.3 2.8 11.8 -2.8 4.3 15.8 -. 3 7.3 22.0 1.3 11.3 29.0

corrected
1¼(.5,1,2,3) -2.3 2.8 9.8 -. 8 4.3 13.8 1.7 7.3 20.0 3.3 11.3 27.0

Table 8

The hearing levels in decibels of non-screened U.S. males. Data are from the 1960-62 Public Health Survey.

30 yrs. 40 yrs. 50 yrs. 60 yrs.
Frequency .9 .5 .1 .9 .9 .1 .9 .5 .1 .9 .5 .1

500Hz -1 7 15 0 8 19 1 10 21 2 12 26
1000Hz -5 0 10 -4 3 15 -3 5 16 -2 6 21
2000Hz -4 2 13 -3 4 19 -2 8 28 0 10 43
3000Hz -1 9 20 2 13 41 5 19 51 9 30 62
4000 Hz -1 10 38 4 17 50 8 26 54 12 36 68
6000Hz 8 18 32 11 24 62 17 31 64 22 46 80

/3A(.5,1,2) -3.3 3.0 12.7 -2.3 5.0 17.7 -1.3 7.7 21.7 0.0 9.3 30.0
1/41.5,1,2,3) -3.8 4.5 14.5 -1.3 7.0 23.5 .3 10.5 29.0 2.3 14.5 38.0

corrected
•4(.5,1,2,3) -1.8 4.5 12.5 .7 7.0 21.5 2.3 10.5 27.0 4.3 14.5 36.0
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Table 9

* The hearing levels in decibels expected of an otologically screened population that has not been exposed to an
occupational noise level above 75 dB. The levels are an average of the levels of Pasuchier-Vermeer and Robinson.

30Oyrs. 40Oyrs. 50Oyrs. 60Oyrs.
Frequency .9 .5 .1 .9 .5 .1 .9 -.5 .1 .9 .5 .1

500Hz -7.1 .5 8.1 -6.1 1.9 9.8 -4.1 4.2 12.7 -1.4 7.4 16.3

1000Hz -7.1 .5 8.3 -6.0 2.0 10.3 -3.9 4.4 13.1 -1.1 7.7 16.9
. 2000Hz -6.5 1.1 9.1 5.0 3.6 12.7 -2.3 7.3 17.6 2.6 12.8 24.3

3000Hz -6.5 2.0 10.8 -4.4 5.6 16.6 -. 4 11.1 23.6 5.7 18.8 32.7
4000Hz -7.2 2.8 14.2 -3.5 8.2 21.5 2.5 15.7 30.6 10.6 25.4 41.8
6000Hz -5.9 2.9 12.1 -1.2 9.3 20.2 6.1 18.0 30.6 15.6 29.0 43.3

1¼(.5,1,2,3) -6.8 1.1 9.1 -5.4 3.3 12.4 -2.7 6.8 16.8 1.5 11.7 22.6

corrected
V¼(.5,1,2,3) -4.8 1.1 7.1 -3.4 3.3 10.4 -. 7 6.8 14.8 3.5 11.7 20.6
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Table 10

The hearing threshold levels for V(.5,1,2,3) kHz, W(.5,1,2) kHz, 14(.5,1,2,4) kHz, and 1A(1,2,3) kHz for three
presbycusis bases. The corrected data refer to a 2 decibel adjustment to the 10th percentile and 90th percentile to

. account for the expected values for individuals.

Passchier-Vermeer & Robinson

30 yrs. 40 yrs. 50 yrs. 60 yrs.
'K .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1

1/4(.5,1,2,3) -6.8 1.1 9.1 -5.4 3.3 12.4 -2.7 6.8 16.8 1.5 11.7 22.6
.A(.5,1,2) -6.9 .7 8.5 -2.5 2.5 10.9 -3.4 5.3 14.5 0.0 9.3 19.2
V¼(.5,1,2,4) -7.0 1.2 9.9 -2.8 3.9 13.6 -1.9 7.9 18.5 2.7 13.3 24.8
1/(1,2,3) -6.7 1.2 9.4 -1.8 3.7 13.2 -2.2 7.6 18.1 2.4 13.1 24.6
corrected
V/4(.5,1,2,3) -4.8 1.1 7.1 -3.4 3.3 10.4 -. 7 6.8 14.8 3.5 11.7 20.6I Public Health Survey - female

30 yrs. 40 yrs. 50 yrs. 60 yrs.
.9 .5 1 .9 .5 1 .9 .5 .1 .9 .5 .1

1¼(.5,1,2,3) -4.3 2.8 11.8 -2.8 4.3 15.8 -. 3 7.3 22.0 1.3 11.3 29.0
IA{.5,1,2) -4.3 2.3 11.3 -3.0 3.7 15.0 -. 3 6.7 20.7 .7 9.7 26.3
VI(.5,1,2,4) -4.5 2.7 12.2 -3.2 4.2 15.7 -. 5 7.2 22.0 1.5 11.5 30.5
S/(1,2,3) -6.8 1.7 10.7 -4.7 3.3 14.7 -. 8 6.3 21.7 .3 10.3 29.0!i corrected

1/(.5,1,2,3) -2.3 2.8 9.8 -. 8 4.3 13.8 1.7 7.3 20.0 3.3 11.3 27.0

Public Health Survey - male

30 yrs. 40 yrs. 50 yrs. 60 yrs.
.9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1

1/¼(.5.1,2,3) -3.8 4.5 14.5 -1.3 7.0 23.5 .3 10.5 29.0 2.3 14.5 38.0
'A4.5,1,2} -3.3 3.0 12.7 -2.3 5.0 17.7 -1.3 7.7 21.7 0.0 9.3 30.0
14¼1.5,1,2,4) -2.7 4.7 19.0 -. 7 8.0 25.7 1.0 12.2 29.7 3.0 16.0 39.5
AIil,2,3) -3.3 3.7 14.3 -1.6 6.7 25.0 0.0 10.7 31.7 2.3 15.3 42.0

corrected
1/4(.5,1,2,3) -1.8 4.5 12.5 .7 7.0 21.5 2.3 10.5 27.0 4.3 14.5 36.0
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Tablel11

The hearing threshold levels of 138 noise exposed males age 45-65. The hearing levels of the subjects are rank ordered
for each frequency between .5 kHz and 3 kHz. The hearing levels of each individual are also averaged for the

1frequencies .5,1,2,3, and 4kHz and the ranking of these values are listed under column "Indiv. 1/(.5,1,2,3)". The data
are from the Inter-Industry Noise Study.

one fourthA
Subject Frequency columns Indiv. x
Ranklxl .5 1 2 3 .5+1+2+3 1/4[.5,1,2,31 Diff. 138 Z

5 0 0 0 5 1.25 6.25 -. 0 .036 18
10 0 0 5 10 3.75 8.75 -5.00 .072 1.46
15 5 5 5 15 7.50 8.75 -1.25 .109 1.23
20 5 5 10 15 8.75 10.00 -1.25 .145 1.06
25 5 5 10 15 8.75 12.50 -3.75 .181 .91
30 5 5 10 20 10.00 12.50 -2.50 .217 .78
35 5 5 10 20 10.00 12.50 -2.50 .254 .66
40 10 5 15 20 12.50 13.75 -1.25 .290 .55
45 10 10 15 25 15.00 15.00 0.00 .326 .45
50 10 10 15 30 16.25 16.25 0.00 .362 .35
55 10 10 15 30 18.75 18.75 0.00 .399 .26
60 10 10 15 35 17.50 20.00 -2.50 .435 .16
65 10 10 20 40 20.00 20.00 0.00 .471 .07

73 10 10 20 45 21.25 22.50 -1.25 .529 .07
78 10 10 25 45 22.50 22.50 0.00 .565 A1
83 10 10 25 45 22.50 23.75 -1.25 .601 .26
88 15 10 25 50 25.00 23.75 1.25 .638 .35
93 15 15 25 55 27.50 20.25 1.25 .674 .45
98 15 15 25 55 27.50 27.50 0.00 .710 .55

103 15 20 30 55 30.00 27.50 2.50 .746 .66
108 15 20 30 55 30.00 30.00 0.00 .783 .78
113 20 20 35 60 33.75 31.25 2.50 .819 .91
118 20 25 40 60 36.25 33.75 2.50 .855 1.06
123 25 30 45 65 41.25 37.50 3.75 .891 1.23
1211 25 35 45 70 43.75 41.25 2.50 .928 1.40
133 30 40 45 75 47.50 45.00 2.50 .964 1.80
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Table 12

* The percentage of the population expected to exceed 25 decibels (re. 1964 ISO) for an average of 500, 1000, 2000, and
3000 Hz versus exposure to various average sound levels. The presbycusis data used are the combined data of
Passchier-Vermeer and Robinson.

Age [yrs] 30 40 40 50 50 50 60 60 60 60
Exposure 10 10 20 10 20 30 10 20 30 40

* Presbycusis 0 0 0 0 0 0 3 3 3 3
75 0 0 0 0 0 0 3 3 3 3
80 0 0 0 1 0 0 5 5 5 5
85 0 0 0 2 2 2 9 9 9 9
90 1 2 2 6 7 8 16 18 21 21
95 3 7 10 14 18 22 28 33 38 43

100 13 19 28 29 38 47 44 54 64 73

Table 13

The percentage of the population expected to exceed 25 decibels (re. 1964 ISO) for an average of 500, 1000, 2000, and
3000 Hz versus exposure to various average sound levels. The presbycusis data used are the female hearing levels from
the 1960-62 Public Health Survey.

Age [yrs] 30 40 40 50 50 50 60 60 60 60
Exposure 10 10 20 10 20 30 10 20 30 40

i-Presbycusis 0 0 0 4 4 4 13 13 13 13
75 0 0 0 4 4 4 13 13 13 13
80 0 1 1 5 5 5 15 16 16 16
85 0 2 2 8 8 8 19 20 20 20

- 90 2 5 6 14 15 17 25 27 29 29
95 6 12 15 22 26 30 33 37 41 44

100 18 25 32 35 42 49 45 52 63 72

Table 14

The percentage of the population expected to exted 25 decibels (re. 1964 ISO) for an average of 500, 100. 2000, and
3000 ilz versus exposure to various average sound levels, The jMesbyousis data used wre the male hearing leels from
tlw 1960-62 Public Health Survey,

Age lyrs] 30 40 40 50 50 S0 60 60 (0 60)
K . . . .... . .. . . . ...

"Iexrosun• 10 10 20 10 20 30 10 20 30 40

" .resbyeus 0 6 6 13 13 13 27 27 27 27
75 0 6 0 13 13 13 27 27 27 27

P 84) 0 7 7 15 Is 15 28 9 2 29
85 1 10 it) 19 19 19 31 32 32 33

go3 1 7 24 216 28 30 38 39 0 4)
95 10 24 27, 32 36 44) 42 46 49 53

100 23 35 42 43 50 60 SL 62 71 7i
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Table 15

Units of Potential Compensation. The number of decibels above 25 dB (re. 1964 ISO) for a Hearing Threshold Level of
an average of the frequencies of 500, 1000,2000, and 3000 Hz. Data bawd on 100 people. Presbycusis data used are the
combined data of Passchier-Vermeer and Robinson.

Age [yrs] 30 40 40 50 50 50 60 60 60 60
Exposure 10 10 20 10 20 30 10 20 30 40

i Presbycusis 0 0 0 0 0 0 7 7 7 7
S75 0 0 0 0 0 0 7 7 7 7

80 0 0 0 1 1 1 15 14 14 13
0 85 0 0 0 5 5 4 36 34 33 32
0 90 1 6 7 24 28 34 89 101 116 115

95 12 33 47 82 111 139 204 259 311 346100 60 125 190 230 327 428 434 578 728 859

Table 16

Units of Potential Compensation. The number of decibels above 25 dB (re. 1964 ISO) for a Hearing Threshold Level of
an average of the frequencies of 500, 1000, 2000, and 3000 Hz. Data based on 100 people. The presbycusis data used
are the female hearing levels from the 1960-62 Public Health Survey.

Ago fyrs] 30 40 40 50 50 50 60 60 60 60
Exposure 10 10 20 10 20 30 10 20 30 40

SPresbycusis 0 0 0 15 15 15 81 81 81 81
75 0 0 0 15 15 15 81 81 81 81
80 0 1 1 23 23 22 104 103 103 103

'. 85 0 6 5 44 43 42 154) 149 148 148
90 5 24 26 92 102 114 234 252 274 276
9) .. 28 74 98 188 232 271 378 442) 50 5311

.10 113 202 284 377 489 5911 626 769 915 1043
- -- - - - - -- ------ t------

Unit of P otential (G uillwathao. The number (if devibel• above 25 dl) irW. 1%4 IO1 for a Ieflarhig Threshtold Ievel of
al averag ef tofe frleeipci of ;00, 100W, 20(10, irol 3000 fit. D)aa b.ad on 100 peple. Th e pnibycu.ai data uwed
"am -we limitl Iharing level* frwi the IWAW Public I1olth Survey.

*Age jyrs 30 40 40 5O 0 50so ia 0 601..~
* Evposurs 10 10 20 10 20 30 10 20 30• 40cg1 ' e t 1 .. .. . ., ' .... .

:: ro~l'Cl• 2 .. 7 $4 $4 $14 27 ').'1 .....
75 0 27 27 114 4 84 272 7Z. 23- w t

141 0 31) .311 lk0 106 lo5 3409 309 310 310
85 2 65 04 151 150 150 377 378 340) V3)1
(0 14 120) 131 234 251 273 491 519 W' 554
95 74 224 270 374 436 491 (072 75,3K 824 1173

1041 170) 41) M31 016 73 8W,90 901 1132 1304 1449
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Tiable 18
The hearing levels in decibels of non-screened males and females. The presbycusis data are from Robinson and Sutton

(reference 19).

MALES

30 yrs. 40 yrs. 50 yrs. 60 yrs.
Frequency .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1

500Hz -6.0 .5 8.7 -5.4 1.7 10.5 -4.4 3.6 13.5 -3.0 6.2 17.6
1000 Hz -6.0 .6 8.8 -5.3 1.9 10.9 -4.1 4.1 14.3 -2.5 7.1 19.0
2000 Hz -6.9 1.0 10.9 -5.6 3.4 14.6 -3.6 7.2 20.6 -. 8 12.3 28.7
3000Hz -7.1 1.7 12.6 -5.0 5.6 18.8 -1.6 11.8 28.5 3.0 20.3 41.9
4000 Hz -7.3 2.3 14.3 -4.4 7.7 22.9 .3 16.4 36.5 6.7 28.2 55.1
6000Hz -8.3 2.6 16.2 -5.0 8.7 25.9 .2 18.4 41.1 7.5 31.8 62.1

1¼(.5,1,2,31 -6.5 1.0 10.3 -5.2 3.2- 13.7 -3.2 6.7 19.1 -. 8 11.5 26.8

corrected
14¼(.5,1,2,3) -4.5 1.0 8.3 -3.2 3.2 11.7 -1.2 6.7 18.0 1.2 11.5 24.8

FEMALES
30 yrs. 40 yrs. 50 yrs. 60 yrs.

Frequency .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1

500 Hz -6.0 .5 8.7 -5.4 1.7 10.5 -4.4 3.6 13.5 -3,0 6.2 17.6
1000 Hz -6.0 .6 8.8 -5.3 1.9 10.9 -4.1 4,1 14.3 -2.5 7.1 19.0
2000Hz --6.4 .9 9.9 -5.3 2.9 13.1 -3.5 6.1 18.2 -1.1 10.6 25.2
3000 Hz -6.9 1.1 11.0 -5.5 3.6 15.0 -3.3 7.7 21.4 -. 3 13.2 30.1
4000 Hz -7.3 1.3 12.0 -5.7 4.4 16.9 -3.0 9.2 24.5 .6 -5.9 35.0
6000Hz -8.2 1.7 14.2 -6.0 5.8 20.6 -2.5 12.3 30.8 2.3 21.2 44.7

1¼(.5,1,2,3) -6.3 .8 9.6 -5.4 2.5 12.4 -3.8 5.4 16.8 -1.7 9.3 23.0

corrected
V¼(.5,1,2,3) -4.3 .8 7.6 -3.4 2.5 10.4 -1.8 5.4 14.8 .3 9.3 21.0
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Table 19

The percentage of the population expected to exceed 25 decibels (re. 1964 ISO) for an average of 500, 1000, 2000, and
3000 Hz versus exposure to various average sound levels. The presbycusis data are the female hearing levels predicted
by a compilation of screened data from Robinson and Sutton in 1978.

Age [yrs] 30 40 40 50 50 50 60 60 60 60
Exposure 10 10 20 10 20 30 10 20 30 40

SPresbycusis 0 0 0 0 0 0 4 4 4 4
75 0 0 0 0 0 0 4 4 4 4

• 80 0 0 0 1 1 1 6 6 6 6
1 85 0 0 0 2 2 2 10 10 10 10
. 90 1 2 2 6 7 8 16 17 19 20

95 4 7 10 14 17 21 25 30 34 37
100 13 18 25 27 35 43 39 46 55 63

Table 20

The percentage of the population expected to exceed 25 decibels (re. 1964 ISO) for an average of 500, 1000, 2000, and
3000 Hz versus exposure to various average sound levels, The presbycusis data is the male hearing levels predicted by a
eonmpilation of screened data from Robinson and Suttoo in 1978,

A w 0yrsl 30 40 40 50 W 60 60 60
Exposwre 10 10 20 10 20 30 10 20 30 40

, Presyveusis 0 0 0 2 2 2 10 10 10 10
4 0 0 0 2 2 2 10 10 10 10
80 0 0 0 3 3 3 12 12 12 12
W50 1 6 6 5 16 16 17 17
40 1 3 4 11 12 13 23 25 26 27
95 " 9 12 19 23 27 32 36 41 44

SlW0 15 21 28 32 40 47 45 53 62 69
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I .Table 21

Units of Potential Compensation. The number of decibels above 25 dB (re. 1964 ISO) for a Hearing Threshold Level of
an average of the frequencies of 500, 1000, 2000, and 3000 Hz. Data based on 100 people. The presbycusis data used
are the female hearing levels predicted by a compilation of screened data from Robinson and Sutton in 1978.

Age [yrs] 30 40 40 50 50 50 60 60 60 60
Exposure 10 10 20 10 20 30 10 20 30 40

.Presbycusis 0 0 0 1 1 1 16 16 16 16
, 75 0 0 0 1 1 1 16 16 16 16

80 0 0 0 2 2 2 26 25 25 24
85 0 1 1 8 7 6 50 48 47 46
90 2 7 8 29 33 39 104 115 129 128
95 16 35 50 87 114 141 212 261 306 335

100 79 127 190 228 318 409 421 546 671 780

Table 22

Units of Potential Compensation. The number of decibels above 25 dB (re. 1964 ISO) for a Hearing Threshold Level of
an average of the frequencies of 500, 1000, 2000, and 3000 Hz. Data based on 100 people. The presbycusis data used
are the male hearing levels predicted by a compilation of screened data from Robinson and Sutton in 1978.

$ Age [yrs] 30 40 40 50 50 50 60 60 60 60
SErposure 10 10 20 10 20 30 10 20 30 40

. Prosbycusis 0 0 0 6 6 5 47 47 47 47
75 0 0 0 6 6 6 47 47 47 47
80 0 0 0 11 11 10 65 65 64 64
85 0 2 2 26 24 23 104 103 102 101
90 2 12 14 63 70 80 180 197 217 218
95 19 48 60 145 183 217 317 379 435 473

100 88 1M3 224 317 422 526 561 704 849 973
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'1• Table 23

* Hearing Threshold levels of a non-screened white population from North Carolina, U.S.A. Presbycusis is from Royster
and Thomas (ref. 20).

. MALES

30yrs. 40 yrs. 50 yrs. 60 yrs.

Freq-:" ?cy .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1

500Hz 2.4 7.9 15.0 3.0 9.1 16.0 4.2 10.5 19.8 3.2 10.9 23.8

1000Hz -1.0 4.8 12.3 .2 5.8 14.5 1.0 8.9 19.5 -. 7 11.6 22.0
2000Hz -3.6 3.0 11.5 -1.1 5.8 22.0 1.3 10.3 33.3 1.5 12.5 34.5

3000Hz -1.7 5.4 22.5 2.0 11.5 34.5 3.0 20.2 43.8 2.3 26.9 51.0

4000Hz .9 11.2 29.0 5.9 16.0 42.0 12.2 26.8 54.0 9.7 37.5 56.4

6000Hz 3.2 13.7 35.0 8.7 21.7 50.8 14.0 39.4 65.9 16.5 52.2 62.6

V¼(.5,1,2,3) -1.0 5.3 15.3 1.0 8.0 21.8 2.4 12.5 29.1 1.6 15.5 32.8

corrected
1/¼(.5,1,2,3) 1.0 5.3 13.3 3.0 8.0 19.8 4.4 12.5 27.1 3.6 15.5 30.8

FEMALES
30 yrs. 40 yrs. 50 yrs. 60 yrs.

Frequency .9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .1

500 Hz 2.3 8.2 15.9 3.2 9.1 16.2 3.7 10.7 18.9 4.4 12.9 27.7
1000Hz -. 4 4.9 11.7 .5 6.2 15.3 2.0 7.7 16.2 3.0 12.7 25.0
2000 Hz -3.9 3.3 10.3 -2.9 5.7 16.0 -. 6 7.3 18.9 .9 10.9 33.4
3000Hz -3.0 3.2 11.3 -1.2 5.9 15.3 1.0 10.0 21.5 -. 5 14.0 37.3
4000Hz -2.0 5.8 14.3 -. 2 8.9 20.3 1.8 13.6 28.3 3.5 21.6 44.5
"6000Hz .8 8.2 19.8 3.4 14.4 23.5 4.7 18.1 30.8 10.0 24.5 50.5

1¼(.5,1,2,3) -1.2 4.9 12.3 -. 1 6.7 15.7 1.5 8.9 18.9 1.9 12.6 30.8

.. corrected
V4(,5,1,2,3) .8 4.9 10.3 1.9 6.7 13.7 3.5 8.9 16.9 3.9 12.6 28.8

4
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Table 24

Recommended Presbycusis Base for Baughn.

281244291 38[36-41]I 48[42-471&[48-531 58[54-591
.9 .5 .1 .9 .5 .1 .9 .5 .1 .9 .5 .

Actual data
from Baughn's 9 14.9 20.6 10.5 15.6 22.0 11.5 17.6 25.5 13.0 20.0. 31.7
table #3.

Recommended
for obtaining
Hearing Risk 8 15 21 9 16 23.5 9 17.5 26 10 22 32
using Pasachier-
Vermneer and
Robinson NIPTS

PercentTable 25

Pretof the population with a Hearing Threshold Level more than 25 dB at 'A(.5,1,2) re.1964 ISO. Comparison of
ISO Standard (table 7 from Baughn) to the results found by using the combined NIPTS data (table 5) with the
recommended presbycusis base for Baughn.

Age 28 Age 38 Age 48 Age 58
Exposure 10 Exposure 20 Exposure 30 Exposure 40

P. V. P. v. P. v. P. v.
lBaughn & Rob Baughn & Rob Bauglsn & Rob Baughn &Rob

No-Noise 3 2 6.5 6.3 14 13 33 35
80 3 3 6.5 8 14 15 33 37
85 6 7 12.5 13 22 21 43 42)
90 13 11 22 20 32 30 54 50
95 20 21 34 33 45 45 62 63

100 32 36 48 51 58 67 74 81
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Table 26

The percentage of the population expected to exceed 25 decibels (re. 1964 ISO) for an average of 500, 1000, and 2000
Hz versus exposure to various average sound levels. The presbycusis data used are the hearing levels from the
recommended data base for Baughn of table 24. The NIPTS data is from table 5.

Age [yrs] 28 38 38 48 48 48 58 58 58 58
Exposure 10 10 20 10 20 30 10 20 30 40

Presbycusis 2 6 6 13 13 13 35 35 35 35
> 75 2 6 6 13 13 13 35 35 35 35

80 3 8 8 15 15 15 37 37 37 37
85 7 13 13 20 20 20 40 40 41 42

0 90 11 18 20 25 27 29 43 46 48 50
95 21 27 32 33 39 45 51 55 51 63

* 100 36 42 51 46 57 67 61 69 76 81

Table 27

Units of Potential Compensation. The number of decibels above 25 dB (re, 1964 ISO) for a Hearing Threshold Level of
an average of the frequencies of 500, 1000, and 2000 Hz. Data based on 100 people. Presbycusis data used are the
recommended data base for Baughn (table 24). The NIPTS data are from table 5.

Age [yrs] 28 38 38 48 48 48 58 58 58 58
Exposure 10 10 20 10 20 30 10 20 30 40

SPresbycusis 3 16 16 43 43 43 184 184 184 184
75 3 16 16 43 43 43 184 184 184 184
8() 5 22 22 54 54 54 206 206 207 210

S85 18 48 47 92 91 91 265 267 270 271
S90 38 79 90 133 148 170 327 355 390 399

95 98 158 205 230 288 351 464 548 636 694
100 250 334 470 430 582 747 718 908 1099 1260

-. 4
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APPENDIX

"Procedure used to calculate Units of Potential Compensation and Percentage of Population above a certain fence.

1. General
"" "The basic program stores the NIPTS data of table 5 for an average of the audiometric frequencies of .5 KHz, 1 KHz, 2

KHz, and 3 KHz. This data are used to calculate NHTL, by adding it to the desired presbycusis data which are
entered by the operator. The resulting NHTL is then printed out (see sample printout). To find the other desired
information, the standard deviation is first calculated from NHTL(.1) and NHTL(.5). Then the rest of the calculations
are made starting with the .001th percentile. The percentile being used is represented by the value Q in the program.
Using the procedure given in section 2, the number (X) of standard deviations above a median are found for this
percentile. The value of X is then multiplied by the standard deviation to find the number of decibels above the median
and above the fence. This provides an estimate for the range of 0 percentile to .002 percentile. The value of X is then
calculated again, using the same procedure for the .003 percentile (which estimates the range of .002 percentile to .004
percentile), and the number of decibels above the fence are added to the previous value. This procedure is continued
until the predicted NHTL is below the fence. At this point all calculations stop and the values of X, Q times 100, and
the summation of the decibels above the fence (normalized to 100 people by dividing by 5) are printed.

The procedure is then repeated for the next exposure level.

!., A detailed copy of the program is presented in section 3.

2. Procedure used to determine the value X (the number of standard deviations from the mean or median of a normal
curve) given the percentile of the population, Q.

This procedure determines the approximate value of X such that

2
iii. ~Q :xVZf C°• dt

S rwhere Q is given and 0 <Q< 0.5.

ii '

0
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The following approximation is used:

CO + Cit + C2t2

x=t + Q1 + dt+d2t2 +d3t3  + (Q)

where I(Q)I < 4.5 x0

t= n

co = 2.515517 dl = 1.432788
cI = 0.802853 d2 = 0.189269
C 2 = 0.010328 d3 = 0.001308

Reference: Handbook of Mathematical Functions, Abramowitz and Stegun, National Bureau of Standards, 1968

3. Program used on the Hewlett Packard 9830 calculator for calculating Units of Potential Compensation and
percentage of the population above a given number of decibels.

(a) Operation of the Program.

1. Push RUN, EXECUTE

2. Display will read "INPUT AGE, EXPOSURE"

* .,3. Type 30,10 then push EXECUTE

4. Display will read "INPUT SEX(MEN OR WOMEN)"

5. Type WOMEN then push EXECUTE

6. Printer will now output the desired headings

7. Display will read "INPUT .9,.5,. 1"

8. Type -2.3,2.8,9.8 then push EXECUTE (Presbycusis Data)

"9. Printer will output exposure and calculated data under related headings
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(b) Sample Printout

SEX WOMEN
38 YEARS OLD
18 YEARS EXPOSED* FENCE HEIGHTz 25

PCT UNITS OF PERCENT
P F'ERCENT I LE POTENTIAL POPULATIONEXPOSURE .9 .5 . 1 COMlPENSATION X ABOVE FENCE

PRESBYCUSIS -2.3 2.8 9.8 0.80 3.09 8.175DB -2.3 2.8 9.8 8.88 3.89 8.188DB -2.2 3. 4 11. .8 3.89 8.185DB -1.e 4.3 13.6 8.35 2.75 8.390DB -1.8 6.8 17.3 4.78 2.12 1.795DB 8.2 9.1 22"4 28.24 1.51 G.5188DB 3.4 14.08 29. 113,44 0.92 17.9

45

S" • -~~~. * •. •. •.. * * - , , , .• , ,, , * e• • • *

. . . . . . . . . . . . . . . . . . .



(c) Listing

ti', 1

.10 1 REMIARK: 9830 CALCLILATOR FOR CALCULATING UNITS OF POTENTIAL COMPENSATION
20 REMARK: AND PERCENTAGE OF THE POPULATION ABOVE GIVEN NUMBER OF DECIBELS.
30 REMARK: L9,L5,L1 ARE THE 90THs5OTH AND 10TH PERCENTILE OF PRESBYCUSIS
40 REMARK: T9NT55TI ARE THE PERCENTILES AFTER NIPTS IS ADDED
50 REMARK: F=THE FENCE
60 REMARK:Q=POPULATION ABOVE FENCE
70 REMARK:S3=UNITS OF POTENTIAL COMPENSATION
0:0 REMARK:X=HOW FAR THE 50TH PERCENTILE IS ABOVE OR BELOW THE FENCE

90 REMARK:S2=THE NUMBER OF DIVISIONS IN EACH PERCENTILE, SUCH THAT THE WIDTH
100 REMARK: OF THE INTERVAL= I."$2

120 DIM A$[50],A24,33
130 B=0
140 F=25
150 REMARK:CO,sCC2,DlD2,D3 ARE CONSTANTS USED IN CALCULATIONS

" "160 CO=2.515517
170 CI10.802853
180 C2=0.010328
190 DI=1.432788

, 200 D2=0. 189269
210 1D3=0.001308
.22 REMARK: READ THE NIPTS DATA
230 FOR 1=1 TO 24
240 FOR J=l TO 4

I'2t" IF J=4 THEN 280
260 READ AEIJJ
278 GOTO 290

n88 READ A$
29'0 NEXT J
300 NEXT I
310 ISP "INPUT AGE, EXPOSURE";

u32 INPUT AlA2
*33u DI SP "INPUT SEX (MEN OR WOMEN.',
340 INPUT A$
:50 PRINT " SEX ";A$

60U WRITE (15,390)A1V"YEARS OLD"
370 WRITE (15,390)A2;"YEARS EXPOSED"
380 PRINT " FENCE HEIGHT=";F
390 FORMAT F3.0,3XF4.0
40U PRINT
410 WRITE (15,420)
420 FORMAT 40X,%"UNITS OF",14X,"PERCENT"
430 WRITE (15,440)
440 FORMAT 21X, "PERCENTIL.E",9X, "POTENTIAL", 11XF "POPULATION"
450 WRITE (15,460)"ABOVE FENCE"
4 . 46U FORMAT "EXPOSURE", lOX, ". " SX, .5 ",SX,".I" 4X, "COMPENSATION",5X, "X",4X
470 PRINT
48O FOR B=70 TO 100 STEP 5
4.90 S3=0
.18 $"S2=5

520 IF 8=70 THEN 550
-53 US=FNA(l)
'4U GOTO 600
5,90 DLSP "INPUT .,*5.1
560 INPUT L9,L5,L1
570 T9=L9
580 T5=L5
"590 TI=Ll
i OL.0 S=(LI-LS,)/l.28

.620 Z=(F-L5)
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630 Q=Q+(0.01'$2)
640 IF Q>0.5 THEN 720
650 REMARK:NEXT 11 STEPS FINDS, NHTL FOR A GIVEN PERCENTILE OF THE POPULATION
660 A=LOG(I/(Q*Q))
670 T=SQRA
"680 X=T-(CO+C1*T+C2*T*T)/(1+DI*T+D2*T*T+D3*Tt3)
690 IF (S*X-2)<0 THEN 750
700 S3=(S*X-Z)/$4+$3
"710 GOTO 630
720 S=-(L5-L9)'1.28
730 S2~-S2

"740 GOTO 630
750 IF S2>0 THEN 770

* 760 Q=1-0
770 IF 8#70 THEN 820
780 FORMAT "PRESBYCUSIS",4XF5.1,2X,F5.1I,2XFS,15, 2XF10.2,GX),F5.2,4XF6.1
190 WRITE (15s,780)L9;LS;L1;S3;X;Q*100
800 GOTO 830
810 FORMAT F5.0,"DB",8XF5.1,2X.F.1.2XF..1.2XF10.2,GXF5.2.,4XF..1
820 WRITE (15,810)BOL9,L5sLlS3.,X,Q*100
830 NEXT B
840 PRINT
'850 PRINT
06 PRINT
870 REMARK: DATH IS AN AVERAGE OF 500 HZ 1000 HZ, 2000 HZ, AND 3000 HZ
880 REMARK: NIPTS DATA FOR 10 YEARS EXPOSURE
890 REMARK.9 .5 .1 %ILES
900 DATA 0s8,00" 75 DBA"
91 0 DATA 0.1,0.6,1.4," 80 BOA"

092 DATA 0.5,1.5,3.8," 85 DBA"
930 DATA 1.3,3.257.5s" 90 DBA"
940 DATA 2.5,6.3,12.6." 95 DBAO
950 DATA 5.7,11,..,19.4," 100 DWA"
960 REMARK: NIRTS DATA FOR 20 YEARS EXPOSURE
970 DATA 01010," 75 DBA"
980 DATA 0.6,08,1.I4," 80 BOA"
990 DATA .1.2.,1.9.%3,8," 85 DBA"
1000 DATA 2.2,4.2,382." 90 DBA"
1010 DATA 4.2,8.214.4," 95 DBA"
1020 DATA 8.7,14.3'22•"•" 100 D"A"
1030 REMARK: NIPTS DATA FOR 30 YEARS EXPOSURE
1040 DATA 0,0,0," 75 DBA"
1050 DATA 1.40.9%,1.4s" 80 DBA"
1060 DATA 2 1;2.3,3.8" 85 DBA"
1070 DATA 3.4,5,9s" 90 DBA"
1030 DATA 6.6,9.9,15.8p" 95 DBA"
1090 DATA 11.0,17.2,24.5,100 DBA"
1100 REMARK: NIPTS DATA FOR 40 YEARS EXPOSURE
1110 DATA 01,0,01" 75 DBA"
1120 DATA 2.1,1,, .4s" 80 DBA"
1130 DATA 3,2,5.3.8," R5 DBOA
1140 DATA 4,8s5.75,9p" 90 DBA"
1150 DATA 8,4,11.3i16.5s" 95 DBA"
1160 DATA 14.6,19.4,26," 100 DBA"
1170 END
1180 REMARKISUBPROGRAM BELOW FOR DETERMINING THE NIPTS DATA TO ADD TO L9.L5SL1
1190 DEF FNA(X)
1200 K:( (A2/10)*6)-6+(B-70)/5
1210 L9=ACKI,1, ]+T9
1220 LSA:K1,2)+T5
1230 L1=A[K.,3]+TI
1240 RETURN 0
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